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ABSTRACT
We present a Chandra study of the deeply embedded Serpens South star-
forming region, examining cluster structure and disk properties at the earliest
stages. In total, 152 X-ray sources are detected. Combined with Spitzer and
2MASS photometry, 66 X-ray sources are reliably matched to an IR counterpart.
We identify 21 class I, 6 flat spectrum, 16 class II, and 18 class III young stars;
5 were unclassified. Eighteen sources were variable in X-rays: 8 exhibiting flare-
like emission, and one periodic source. The clusters X-ray luminosity distance
was estimated: the best match was to the nearer distance of 260 pc for the front
of the Aquila Rift complex. The NH vs. AK ratio is found to be ∼0.68x10
22,
similar to that measured in other young low mass regions, but lower than that
measured in the ISM and high mass clusters (∼1.6-2x1022). We find the spatial
distribution closely follows that of the dense filament from which the stars have
formed, with the class II population still strongly associated with the filament.
There are four sub-clusters in the field, with three forming knots in the filament,
and a fourth to the west, which may not be associated but may be contributing
to the distributed class III population. A high percentage of diskless class IIIs (
upper limit 30% of classified X-ray sources) in such a young cluster could indicate
that processing of disks is influenced by the cluster environment and is not solely
time-scale dependent.
Subject headings: infrared: stars — X-rays: stars — stars: pre-main sequence —
circumstellar matter
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1. Introduction
The study of clustered star formation has come of age in the last decade with the advent
of space based X-ray and infrared/optical missions such as Chandra and Spitzer, which can
provide a more complete census of nearby clusters including both disk-bearing and diskless
young stars (e.g. Povich et al. (2013)). There have been a number studies of nearby young
stellar clusters which combine the emission in the high energy X-ray regime with the IR
emission of the pre-main sequence stars and protostars (Wolk et al. 2006; Winston et al.
2010; Getman et al. 2017).
The Serpens South cluster is an extremely young and deeply embedded region of low
mass star formation. it is inferred to be the youngest known such region in the local galaxy
from its protostellar/pre-main sequence fraction, making it a unique test-bed for the study
of disk evolution in clustered environments. It was first identified in Spitzer observations of
the Gould Belt regions by Gutermuth et al. (2008b), and was associated with the Serpens
cloud, part of the Aquila Rift. The initial Spitzer study of the cluster found it to contain
92 young stellar objects (YSOs), of which half were class II and half class I, giving Serpens
South one of the highest protostellar fractions known in young stellar clusters. It has also
been associated with W40 by Konyves et al. (2012) due to its apparent close proximity and
the cloud structure visible at Herschel wavelengths.
The assumed distance to Serpens South has thus depended on whether it is considered
to be at the same distance as W40 of 550-900pc (Kuhn et. al. 2010; Radhakrishnan et al.
1972; Smith et al. 1985), or the Aquila region at 260-415 pc (Straiz˘ys et al. 2003; Dzib et al.
2010). Gutermuth et al. (2008b) compared the local standard of rest (LSR) velocities of
two protostars, taken with the SMA, with those of Serpens Main (White et al. 1995) and
W40 (Zhu et al. 2006) and found that they are most similar to Serpens Main, believed to
be ∼260pc at that time. Dzib et al. (2011) measured the trigonometric parallax to the YSO
EC 95 in Serpens Main as 429±2pc. Recent results from the ’GOBELINS’ V LBA survey
measured the parallax to seven young stars in the W40 and Serpens Main fields and found
that all sources are similarly distant, with a mean distance to both regions of 436±9pc
(Ortiz-Leon et al. 2017). This would imply that W40 and the Serpens clusters may be part
of one large massive star-forming complex, the nearest after the Orion complex. However, to
date, there have been no VLBA distance measurements to any young stars associated with
Serpens South, and given the close proximity of the two regions on the sky, there remains
the possibility of contamination from Serpens South in the W40 field.
X-ray observations may provide an independent estimate of the distance to young stel-
lar clusters, while allowing us to examine the high-energy properties of the young stars,
which are more usually associated with longer wavelengths in the infrared where their cir-
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cumstellar material glows brightly in reprocessed starlight. Feigelson et al. (2005) noted a
’universal X-ray luminosity function’ for young stellar clusters ( <∼20 Myrs old) with a
normal distribution dependant only on the distance to the cluster; this distribution has been
used to estimate distances to a number of nearby regions, e.g. Serpens Main and W 40
(Winston et al. 2010; Kuhn et. al. 2010). The XLF has been used to buttress the distance
estimates for LkHα 101 (Osten & Wolk 2009) and to determine the relative distances to re-
gions in Orion (Bouy et al. 2014; Pillitteri et al. 2016). It is therefore a useful tool in making
a comparative estimate to the distances of young clusters. We will employ this technique in
the discussion of the relation of Serpens South to Serpens Main and W 40.
The spatial structure of young clusters and the distribution of their YSOs by evolu-
tionary class can provide an insight into the formation history of the region, the relative
age of any subclusters, and whether any external triggering is likely to have occured. The
association of the stellar cluster with underlying filamentary structure observed at far-IR
wavelengths can also be inferred. Nakamura et al. (2015) reported the first observation of
CCS (JN = 43−32), with a lifetime of ∼ 10
5yr, in a cluster-forming region and they identify
six ridges which appear to be colliding to form the Serpens South cluster. Kirk et al. (2013)
observed the southern filament associated with Serpens South in N2H
+ and found that ma-
terial was both radially contracting onto the filament, and accreting along the filaments long
axis at a rate sufficient to support the current rate of star formation. Freisen et al. (2016)
report NH3 observations showing that the kinematics of the cluster and surrounding fila-
ments are complex with heirarchical structure. The low virial parameters observed suggest
the magnetic field in the region is not enough to support the filaments against collapse.
In young stellar clusters the lifetimes of circumstellar disks are thought to be a few
millions years (Hernandez et al. 2007) while the estimated age of Serpens South is less than
1 Myrs. It is therefore of great importance to determine whether an older population of class
III diskless YSOs exists in this young cluster and what proportion of the clusters young stars
have reached this stage in their evolution. Such studies are important to distinguish between
the temporal evolution of circumstellar material, where the class III stars are an older stage
to the class II, and evolution due to the impact of external factors such as competitive
accretion, disk and/or envelope stripping from tidal interactions or early ejection of stars
from their natal accretion sites (Pfalzner et al. 2014). In this latter case, we would expect
that the class III and class II members of the cluster would have the same age, as fitted
by evolutionary models on the HR diagram. These studies may also impact the estimated
ages of young clusters determined from their IR disk fractions - if disk frequency is heavily
impacted by cluster environment then these ages will not be meaningful unless they are
quantified by a measure of the interaction frequency of the YSOs within the cluster. For
this purpose, the X-ray disk frequency has the important benefit of reliably distinguishing
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the diskless class III stars (which do not exhibit excess emission in the IR) from field stars
in combination with the IR photometry.
In this paper we first discuss, in Sect. 2, the Chandra and Spitzer observations and
the data reduction process. In Sect. 3 we will discuss the identification and evolutionary
classification of the YSOs. A discusssion of the X-ray properties of the identified members,
their spatial distribution, and the X-ray luminosity distance determination is presented in
Sect. 4. Finally, a brief summary is presented in Sect. 5.
2. Observations and Data Reduction
2.1. Chandra ACIS-I Data
The Serpens South cluster was observed by Chandra with the ACIS instrument on 7th
June 2010, in a single epoch with a 97.49 ks/pix exposure time as part of OBSID 11013. The
ACIS-I field was centered on the J2000 coordinates: 18h30m03s, -02o01′58′′, with a 17’×17’
field of view. The observation was taken with ACIS-I in FAINT mode, and TE exposure
mode with no grating, and included two of the ACIS-S chips adjacent to the ACIS-I array.
The primary and secondary data were downloaded from the Chandra X-ray Center’s
archive and reprocessed with the CIAO v4.8 reproc tool to ensure that the latest CALDB 4.7.2
corrections were applied (Fruscione et al. 2006). The CIAO task fluximage was used to
create an exposure map to correct for the photon energy dependent effective collecting area
and the presence of chip gaps. Exposure maps were created to accurately represent the
effective area across the imaging array.1 The effective area is applied by CIAO to all fur-
ther processing. Source detection was performed using wavdetect with scales from 1”-16”
The psf enclosing 90% of the X-ray flux was generated using mkpsfmap and was chosen to
reduce the merging of sources in the wavdetect run. The roi tool was used to determine
source and background regions without overlaps and a background radius from 3 to 6 times
the source PSF size. The final source catalogue contained 152 X-ray sources in the Serpens
South field, as listed in Table 2. The point source luminosity limit was estimated from
the Feigelson et al. (2005) COUP data as log10 LX ∼ 28.4 ergs s
−1 assuming a distance of
430 pc, or log10 LX ∼ 28.0 ergs s
−1 assuming a distance of 260 pc. The astrometry of the
ACIS-I sources has subarcsec (∼0.5”) spatial precision within ∼5’ of the aim point.
1we assumed a median energy of 1.7keV when calculating the effective area.
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2.1.1. Chandra Spectral Analysis
Spectral analysis of each of the 152 sources was performed to obtain a measure of the bulk
temperature of the stellar corona and the hydrogen column density along the line of sight,
using CIAO’s Sherpa package (Freeman et al. 2001). For sources with more than 30 counts,
a one-temperature Raymond-Smith plasma model (Raymond & Smith 1975) combined with
an absorption model component was fit to the data, using the Levenberg-Marquardt op-
timization method and χ-squared statistics. The covariance routine was employed to ob-
tain a measure of the uncertainties associated with NH and kT . The model’s intial con-
ditions were set to NH = 10
21cm−2 and kT = 1.0keV . The modeled flux was calculated
using calc energy flux for the range 0.3-8.0keV and the three CXC bands [soft: 0.3-0.9,
medium: 0.9-1.5, hard: 1.5-8.0keV]. Both the absorbed and unabsorbed fluxes were calcu-
lated; the unabsorbed flux by using the Raymond-Smith component of the model only. The
median and uncertainties on the absorbed and unabsorbed model fluxes were measured using
sample flux and a sample size of 1000 for the four bands. For sources with greater than
100 counts, a two-temperature Raymond-Smith fit was also performed.
2.1.2. Variability
The variability of the X-ray sources was assessed using the Gregory-Loredo algorithm
(Gregory & Loredo 1992), which tests for periodic signals using maximum-likelihood statis-
tics to evaluate a large number of possible break points from the prediction of constancy.
The N events for each source are binned in histograms with m bins, with m ranging from
2 to mmax, where mmax is set so that time scales for variability down to 50s are considered.
The algorithm returns an odds ratio for m bins versus a flat light curve. The resultant light
curve is constructed by weighting the binnings by their odds ratios. The algorithm can be
used to detect non-periodic variability, such as flaring, by forcing the period to equal the
length of the observation. Full descriptions of the Gregory-Loredo variability algorithm2 and
the glvary routine3 are available on the CIAO website.
The CIAO routine glvary was used to search for source variability in the observation:
To begin, the routine dither region was used to remove the effects of instrumental dithers
moving sources on and off the ACIS chips by calculating the fractional area for each source.
The routine glvary was then run using the roi region files and the fractional areas as input
2http://cxc.harvard.edu/newsletters/news 13/gl algo.html
3http://cxc.harvard.edu/ciao/ahelp/glvary.html
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to construct lightcurves for all 152 sources and a variability index indicating whether the
source is statistically likely to have varied during the 97.5 ks or 1.13 day observation. The
probability that the source is variable is calculated, but is inconclusive for P ∼0.5-0.9, and
so a second criterion based on the average count rate and average standard deviation of the
light curve is used to calculate the returned variability index. The index ranges from 0-10;
sources with values above 6 are considered to be variable.
2.2. Near & Mid-IR data
Serpens South was observed with Spitzer (Werner et al. 2004) as part of the 5.1 square
degree Serpens-Aquila Rift observation in the Gould Belt Legacy Survey, PID 30574, on 27th
October 2006. IRAC imaging (Fazio et al. 2004) at 3.6, 4.5, 5.8, 8.0µm was obtained in High
Dynamic Range mode, which obtained 0.4 and 10.4 second intergrations for four dithered
images at each mosaic postion. The Basic Calibrated Data (BCD) products were produced
by the Spitzer Science Center’s pipeline v18.5. The data were reduced and combined using an
updated version of the Gutermuth et al. (2009) method based on the IDL ClusterGrinder
package described in Gutermuth et al. (2008b). Improvements include the treatment of
bright source artifacts and the correction of astrometric offsets by BCD image ahead of the
final mosaic. A refined pixel scale of 0.87”/pix provides improved centroiding and separation
of close sources as described in Gunther et al. (2012) and Masiunas et al. (2012). Further
improvement to the method, based on that of Mizuno et al. (2008) for MIPSGAL, provides
enhanced global background matching. This improves the overall appearance of the mosaic,
cosmic ray rejection, and reduces the effects of large scale gradients on the estimation of
the background flux (Gutermuth et al. in prep). MIPS mosaics (Rieke et al. 2004) (24, 70,
160µm) were taken at medium scan rate with full-width scan stepping. Due to the high
background and low angular resolution of the 70 and 160µm bands, point source extraction
was only applied to the 24µm mosaic. The mid-IR photometry was supplemented by J ,
H and K-band photometry from the 2MASS point source catalogue (Skrutskie et al. 2006).
The photometric catalogues were merged using a maximum matching radius of 1”. The
typical radial residual between the 2MASS photometry and each IRAC band was <0.1”
rms, with >99% of IRAC sources with 0.5” radial distance of the 2MASS position. In
matching the 2MASS and MIPS sources, we require a detection in at least one IRAC band
prior to inclusion of that source in the catalog. The final source position used was the mean
of all detected positions, with uniform weights across all bands (and counting the 2MASS
positions per 2MASS bandpass detected, although those positions are already merged by
band from that dataset. There were a total of 33,199 sources in our IR catalog covering the
Serpens South field.
– 7 –
A three color image of the Serpens South in context with the W 40 region is shown in
Fig 1. The dense filament running through the region is visible as a dark dust lane even at
24µm. The white diamond shows the limits of the X-ray field; it is clear from the underlying
image that there are regions of active star formation, indicated by 24µm (red) sources, just
off the northern and southern edges of the X-ray field. Similarly, there is a site of star
formation ∼5’ off the western edge, indicated by the dark spot and the diffuse emission. We
have therefore expanded our IR analysis to include an area beyond the Chandra field (the
dotted square in Fig. 1) in order to account for distributed populations of YSOs which may
have come from outside the field of view of the X-ray pointing.
3. YSO Identification & Classification
Young stellar objects are most frequently identified by their excess emission at IR wave-
lengths. This emission arises from reprocessed stellar radiation in the dusty material of their
natal envelopes or circumstellar disks. The infrared identification of YSOs is carried out by
identifying sources that possess colors indicative of IR excess and distinguishing them from
reddened and/or cool stars (Megeath et al. 2004; Allen et al. 2004; Gutermuth et al. 2004).
Young stellar objects have also been observed to possess elevated levels of X-ray emission
compared to main sequence stars. With luminosities, LX , ∼ 10
3.5 times those of their main
sequence counterparts, we can distinguish them from foreground or background field stars
(Feigelson & Montmerle 1999; Feigelson & Kriss 1981). By taking advantage of this property
we can identify YSOs that do not have emission from a dusty disk (evolutionary class III)
and would otherwise be indistinguishable from the field stars. Both protostars (class 0/I/FS)
and pre-main sequence stars with disks (class II/transition disks) may also be detected via
their elevated X-ray emission.
Table 1 lists the number of YSOs detected by class in the IR-field, the Chandra field of
view, and the X-ray detected sample. Table 2 list the source IDs, positions, and properties
of the detected X-ray sources. Table 3 lists the IR photometry of the counterparts to X-
ray sources; the calculated extinction at K-band and evolutionary classification is included.
Table 4 lists the IR photometry for all YSOs identified by our improved Gutermuth et al.
(2009) method in the SS IR-field. In Sec. 3.1 we will first discuss our methodology for
selecting cluster members in the IR, before going on to detail the selection and classification
of the X-ray luminous YSOs based on their IR properties in Sec. 3.2.
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3.1. IR-excess YSOs
We define a ∼0.6 square degree field (henceforth the Serpens South IR-field (SSIR) )
centred on the Serpens South Chandra pointing, which covers the extended Serpens South
filament identified in the Herschel column density maps of Konyves et al. (2012) and ex-
tending just beyond the corners of the Chandra field of view, as shown in Fig. 1. The W 40
region is excluded from this field, though it is possible that some sources are interlopers from
that region.
The YSOs in the SS IR-field were classified by Gutermuth et al. (in prep), following
their methods described in Gutermuth et al. (2008b) and Gutermuth et al. (2009) with two
improvements: We increase from 1-σ to 3-σ the uncertainty requirement in K − [3.6]v[3.6−
4.5] color space to remove field star contaminants from the YSO selection. We no longer
require transition disks to have [3.6] < 14 to improve identification in more distant regions
where they risked being misclassified as embedded objects. This approach removed likely
contaminants from the catalog: PAH galaxies, AGN, and knots of emission which may be
mistaken for YSOs. Photometric uncertainties < 0.2 mags were required in all bands used
for a particular color-color diagram. Sources with colors and magntiudes consistent with
YSOs were classified as class 0 / class 1: for (deeply) embedded protostars, class 2: disk-
bearing pre-main sequence objects, and class 3: objects with weak/anaemic disks. This
classification, classcolor, uses arabic numerals to distinguish it from the SED-slope based
classification, classSED, of the IR-detected X-ray sources.
There were 33,199 sources in the SSIR-field, of which 299 were identified as YSOs based
on the classcolor classification method. These were classified as follows: 90 class 0/1, 195
class 2 sources, and 14 were anaemic disk class 3 stars. A further 4743 were classified as
field stars. We distinguish here class 3 sources as defined in Gutermuth et al. (2009), which
show weak IR emission consistent with a thin disk or weak line T-Tauri star, and the X-
ray detected diskless class III sources, which do not show any IR excess emission and are
classified as field stars (class 99) by the Gutermuth et al. (2009) method.
A comparison was made to the Gutermuth et al. (2008b) discovery paper. All 92 YSOs
reported in the discovery paper are matched to sources in the updated catalog, however
the classifications have changed somewhat: 80/92 source classifications remain unchanged.
Two class 1 sources are now class 2, while a further two class 2 move to class 1. Another
three class 2 sources are now stars (class 99). The remaining five objects (three class 1, two
class 2) are now unclassified. The updated IRAC photometry has improved on the initial
classification. We identify six new YSOs within the Gutermuth et al. (2008b) field of view,
one class 1 and five class 2.
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A comparison was made to the catalog of Serpens South members published by Dunham et al.
(2015). There were 268 of their sources located in our SS IR-field, of which 123/268 had a
counterpart within 1”, with all 268 having a counterpart within 2”. They employ a similar
SED slope classification scheme as described Sec. 3.2, listing the α value in their catalog.
Our classcolor classification method identified the 268 objects as 56 class 0/1, 138 class 2, 10
class 3, 50 field star, and 14 unclassified objects. Assigning a class based on their α gives: 47
class 0/I, 32 flat spectrum, 122 class II, 28 class III, and 39 field stars. To simplify the com-
parison, we reclassify the flat spectrum sources as either class 0/I (α > 0) or class II (α < 0),
giving 63 class 0/I and 138 class II . Comparing the two: 176 have the same classifications,
while 37 show a difference of one class, 12 changed between disk-bearing and field star class,
with the remaining not classed in one catalog. Further, we matched the Dunham catalog to
our X-ray source list, and found 19 matches using the our matching criteria. This compares
to 50 classified matches to our IR catalog, 33 if the field star class is excluded. In summary,
of our 299 classcolor YSOs, 205 were found in the Dunham et al. (2015) catalog and 87 were
found in the Gutermuth et al. (2008b) catalog. Of the 299 YSOs, 64 were unique to our
catalog, and are thus newly identified members of Serpens South.
3.2. X-ray Luminous YSOs
The catalog of 152 X-ray sources was matched to the IR catalogue using a modulating
radius of:
1′′ + pi(θ/max(θ))2
, where θ is the off-axis angle of each X-ray source. This provides a range in matching
tolerances of 1”-4” based on the distance of the source to the aim point. This accounts for
the increased positional uncertainty and larger ellipse size with increasing off-axis distance
in the ACIS-I image Wolk et al. (2006). The positional accuracy of the Chandra data is
∼0.5” on axis and the positional accuracy of the updated IRAC catalog is considered to be
better than 1”, therefore we set a minimum tolerance of 1” in the centre of the ACIS field
to ensure that mismatches are minimised in the dense core of Serpens South. Of the 152
sources, 66 were matched to an IR counterpart with one or more detections in the IR-bands.
For the 66 IR-matched X-ray detected YSOs a different approach was required from the
Gutermuth et al. (in prep) method to securely classify them, as the classcolor method can be
insensitive to weak disk/class III sources. Of these 66 sources, 35 were identified as YSOs
with the classcolor technique from the IR photometry. The second method of classifying
young stars from their IR photometry was to construct the Spectral Energy Distribution
(SED), and calculate the slope, α = dlog(λFλ)/dlog(λ), over the mid-IR wavelengths.
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Protostellar objects (Class 0 and I) have a rising slope, α > 0.3; flat spectrum objects
have essentially flat slopes with −0.3 < α < 0.3. Class II sources are characterized by
decreasing slopes between−1.6 < α < −0.3, while Class III sources lack any optically thick
emission from a disk and possess decreasing slopes α < −1.6, consistent with a stellar
photosphere (Greene et al. 1994). The dereddened slope of the SED over the four IRAC
bands was used to further refine the evolutionary classification of each YSO, for those sources
where the value of AK could be calculated following Gutermuth et al. (2005). The final
classification was verified by visual assessment of the SEDs. Of those 66, 21 are class I
sources, 6 are flat spectrum, 16 are class II ojects, and 18 are class III diskless members of
the cluster. A further five could not be classified by this method; three were detected in only
one or two infrared bands and two were detected in three IRAC bands with ambigous SEDs.
There are three major differences between our classcolor and classSED YSO classifica-
tion schemes. We include a separate flat spectrum class in order to match our SED based
classification scheme with the Wolk et al. (2018) YSOVar paper on Serpens South and our
previous Serpens Main work (Winston et al. 2007). We combine the class 0 and class 1s
into class I due to the lack of far-IR or submm photometry to securely differentiate be-
tween them. Finally, the X-ray detected class III sources were not identified as YSOs by
the Gutermuth et al. (in prep) method, where they are either ’99: stars’ or ’-100: unclassi-
fied’. Their class 3 sources are considered to be weak class II objects according to the SED
classification.
The two classifications schemes provide very similar results: the five unknown objects
cannot be reliably classified by either scheme, leaving 61 sources. Of these, 42 (69%) have
the same classification (counting class III and class 99 as equivalent here ), 6 (10%) are in
the flat spectrum class, 8 (13%) were not classified as YSOs by the classcolor method, and
5 (8%) differed between protostellar and disk-bearing between the two methods. One X-ray
source identified as a class I in the SED method and visually inspected in the mosaic, is
classed as ’9: shock’ by the Gutermuth et al. (2009) method.
Fig. 2 shows two cmds: Hv.H −K and [3.6]v.[3.6-8.0], and the [3.6-4.5]v.[5.8-8.0] ccd.
All sources in the field with photometric uncertainities <0.2 are shown as gray points. The
X-ray detected YSOs are overplotted as filled symbols: class I as red circles, flat spectrum as
magenta hexagons, class II as green squares, and class III as blue stars. The [3.6]v.[3.6-8.0]
cmd shows that all the YSOs have a similar range in [3.6] magnitude with increasing color
with earlier class as expected. The traditional IRAC ccd shows photospheric emission from
the class IIIs, with one source perhaps showing weak outer disk emission.
Fig. 3 shows histograms of four properties of the X-ray sources: the [3.6] mag flux, the
X-ray flux (FX), the plasma temperature (kT ), and the hydrogen column density (NH). The
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X-ray detected YSOs cover a similar range as the full IR sample, indicating that there is
no trend towards detecting only the brighter IR sources in X-ray emission. There are three
groupings in the X-ray flux, with centers at log(FX) -18, -14, -7; sources in both the fainter
and brighter groupings are spatially coincident with the center of the Serpens South cluster
and those with IR counterparts are therefore likely to be bona fide low mass and flaring
YSOs, though a number of brighter sources at log(FX) ∼ −6 are possibly foreground dMe
stars. There is no trend in NH or kT between sources with and without an IR counterpart.
This implies that we are missing a substantial number of cluster members in the IR; further
higher resolution IR and X-ray observations are needed to investigate this. Therefore, a high
percentage of the 86 unmatched X-ray sources may be bone fide cluster members.
The spatial distribution of the X-ray detected and IR-detected YSOs are presented in
Fig. 4 on the background of the Herschel hydrogen column density map of the region. The
image covers the approximate size of the SS IR field, with the white rectangle indicating the
smaller Chandra field. A discussion of the spatial distribution of the YSOs is presented in
Section 4.5.
3.2.1. Contamination and Completeness
Contamination of the X-ray source list from background extragalactic objects such as
active galactic nuclei (AGN) and foreground and background galactic field stars (primarily
dMe stars and dusty AGB stars) is expected. Such contamination is limited by requiring
a photometric counterpart in the infrared and by comparison of modeled hydrogen column
density, NH , plasma temperature, kT , and near-IR extinction, AK , values: Foreground (and
background stars) exhibit different colors to YSOs, have lower (higher) extinctions, and are
evenly distributed across the field. AGN are fainter in the IR with higher extinctions and
plasma temperatures, and a uniform distribution across the field.
In a given Chandra field, with ∼100ks exposure, we would expect to detect ∼100 AGN
contaminants. Statistical estimates of the populations of contaminating sources in Chandra
observations of star-forming regions are discussed by Getman et al. (2011) and references
therein. They report roughly 10-15% of sources in both the ONC and Cep B observations
are contaminants, with 20-30 AGN and 15-20 foreground stars in the shallow (30 ks) Cep B
survey, and 150-200 AGN and 10-15 foreground stars in the COUP ∼880 ks survey. The
stellar background contaminants were negligble in each field. A similar percentage in Ser-
pens South would suggest that ∼10-20 sources of the 152 detected are foreground stellar
contaminants. Given the extremely high background extinction towards Serpens South, we
expect that the contaminants would only be foreground stars and AGN, evenly distributed
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across the field of view. For this reason it is highly unlikely that any of the YSOs are actually
background dusty AGB stars. By requiring an IR counterpart for selection we reduce the
likelihood of including background AGN contaminants in our sample of cluster members and
can better distinguish older foreground stars based on color and extinction. Many of the
remaining X-ray detections, that are unmatched in the IR, are likely to be background AGN.
In Figure 2, the seven class III sources falling between the ZAMS and 1 Myr Siess
isochrone (Siess et al. 2000) on the Hv.H − K cmd could be foreground contaminants, an
older surface population associated with another cluster, or older (more massive) young
cluster YSOs. Four of the class III YSOs lie significantly below the reddening vector for
an M6 star at 1 Myr, indictating that they are possibly very low mass stars or brown
dwarfs, or possibly contaminants. The Chandra identifications of these sources are ID#31,
39, 42, 54. Given the high extinction at their positions close to the central filament (NH ∼
1.7 − 5.8 × 1022cm−2), they are unlikely to be behind the cluster, and could therefore be
foreground dMe stars or white dwarfs. However, their photometry are not consistent with
dMe dwarfs J−H v. H−K colors (Lepine & Gaidos 2011) or absolute magnitudes assuming
they lie in front of the cluster (Riaz et al. 2006). Similarly, they are not wholly consistent
with the J − H v. H − K colors of white dwarfs, with Steele et al. (2011) showing their
colors would require a stellar or brown dwarf companion and that they are unusually bright
in the near-IR . The four class IIIs J − H v. H − K colors are consistent with young low
mass dwarfs or brown dwarfs. Filipazzo et al. (2015) report absolute magnitudes for young
8-100Myr low mass dwarfs similar to the apparent magnitudes at 260-430pc to the cluster.
Further, the on-sky spearation of the three faintest sources is 0.35-0.5pc if they are members
of the cluster. If they were foreground objects they would have an even smaller separation,
which we suggest is unlikely. Therefore, we retain these four objects as low mass class III
members of Serpens South.
4. Discussion
4.1. X-ray Protostars & Pre-Main Sequence
We detect 21 class I and 6 flat spectrum protostars in X-rays, along with 16 class II
pre-main sequence stars. This gives an X-ray protostellar fraction of 27/43 or 63±12%. This
fraction drops to 27/61 or 44±9% when the class III sources are included. The former fraction
is marginally higher than those found in Serpens Main (51±11%) and NGC 1333 (49±8%)
(Winston et al. 2007, 2009), which is in agreement with Serpens South being considered the
youngest of the three regions, though the differences lie within the uncertainties.
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The X-ray detection fraction by evolutionary class is an approximation due to the re-
quirement for an uncertainty less than 0.2 mag in the IR selection, which is not required for
the X-ray detected YSOs, and the increased psf with off-axis angle. With this in mind, the
detection fractions for for X-ray detected YSOs to all X-ray and IR detected YSOs are 27/57
(47±9%) for class 0/I (including flat spectrum), and 14/69 (20±5%) for class II, for sources
with the ACIS-I FOV, as listed in Table 1. These percentages are not inconsistent with half
of each class being detected as has previously been seen in Serpens Main (Winston et al.
2007), for the protostellar sources. This would imply that the X-ray generation mechanism
is not inhibited at the earlier stages of a cluster’s development. However, the fraction of
class II sources detected is much lower than half; the class II population is more widely
distributed over the Chandra field of view, meaning that a higher fraction of the class IIs are
located at high off-axis angles, where the sensitivity and positional accuracy of the X-ray
data decreases. To account for these effects, we examined the fraction in the central Serpens
South core region defined as being a 6 arcmin long segment of the filament centred on the
Chandra pointing; here we find 6/17 (35±14%) for the class II sources.
Two of the sources, #28 and #98, were matched to the locations of detections VLA7
and VLA17 in Kern et al. (2016), respectively. Source #28 is a class II variable object,
while source #98 is a class I object and was not found to be variable. A further two sources,
#14 and #72, were matched to within 10” of two of the 1.2mm MAMBO sources detected
by Maury et al. (2011): SerS-MM12 and SerS-MM15, respectively. However, neither X-ray
source has a counterpart in the IR.
4.2. X-ray Class III Diskless YSOs
We have detected eighteen class III X-ray sources in Serpens South. As can be seen in
Fig. 4, six of these sources are centred directly on the cluster core within 2.5’ of the aimpoint.
It is unlikely that they are all foreground or background contaminants: they do not meet
the IR criteria for extragalactic contaminants, are brighter in IR than would be expected
of background stellar contaminants, and we estimate only a few foreground stars at the
distance of Serpens South and the length of the exposure. Further, their spatial distribution
does not appear to be random across the field. It is thus likely that the sources are bona
fide diskless young members of Serpens South. Their location in the center of the cluster, a
region still dominated by protostars, strongly suggests that they are not an older population,
but very young stars that have processed their disks at an accelerated rate. It is likely that
external environmental factors have played a role: Such effects as disk stripping by more
massive neighbors or loose binaries, tidal disruption via close encounters, and ejection from
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a multiple system may have lead to these diskless young stars. A further four class III
objects are located adjacent to the Serpens South core, while four more are located along
the filament visible as shown in Figure 4. The remaining four are located to the west of
the core, are brighter in IR magnitude though not X-ray flux, and may be associated with
another region to the west, c.f. Sec. 4.5.
The X-ray diskless fraction in Serpens South is found to be 18/34 or 53±12% for the
class II and III sources, and 18/61 or 30±7% when the protostellar sources are included.
Allowing for the wide variation, this represents a large fraction of diskless members for the
<1 Myr cluster, and is similar to the 48±11% fraction found in Serpens Main. These values
represent an upper limit to the diskless fraction in the field due to the incompleteness of the
combined X-ray and IR sample.
Another approach is to estimate the disk fraction of the cluster and thus estimate the
cluster’s age, as originally presented by Hernandez et al. (2007). For Serpens South, the X-
ray disk fraction ranges from a minimum of 43/61 or 70±11% for the X-ray detected YSOs,
to 29/33 or 88±16% for YSOs located directed in the Serpens South core. This represents a
lower range of values than would be expected for such a young cluster.
One implication of the presence of class IIIs in this cluster may be that many young
stars are essentially ’born’ with little to no circumstellar disk and/or envelope material,
and that the population of class III objects which we have so far examined is not likely
to be an older, more evolved population as is generally assumed, but is instead young and
coeval with the class I and II population of the cluster. This conclusion is borne out by the
similarities in the properties between the median fluxes and plasma temperaturesof the two
groups. Their presence in the youngest known nearby cluster questions the assumption that
there is a direct relation between disk fraction and cluster age. The cluster environment:
stellar density, stellar distribution, cloud dispersal, may all play larger roles than previously
assumed (Pfalzner et al. 2014). Three of the class III objects are also likely to be very low
mass stars/brown dwarfs, possibly implying they were ejected from a multiple system at an
early stage of their formation. If disk lifetimes have been affected by external factors, this
would lead to estimates that tend towards shorter timescales.
In our previous spectroscopic work on Serpens Main and NGC 1333 it was found that
the class III population was coeval with (and in some cases apparently younger than) the
class II population in these ∼1 Myr clusters (Winston et al. 2009, 2010). The similar result
in Serpens South indicates that the identified class III population is, perhaps, not older or
more evolved but may be a product of the active and dynamic cluster environment. A similar
spectroscopic survey of Serpens South is currently underway to determine the isochronal ages
of the members of this young cluster. Further large scale surveys of these regions will be
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necessary to finally identify any older populations of evolved class III young stars if we wish
to truly examine the temporal evolution of these young star forming regions.
4.3. X-ray Spectral Properties
The NHv.kT relation, the upper left plot of Fig. 5, shows a roughly linear trend of
increasing column densities with increasing plasma temperatures across all classes. An OLS
fit to the data gives a relation of NH ∼ 0.8555± 0.174 kT . The more evolved classes show
lower average NH values, as expected for less embedded objects. The relation of FX to kT ,
the middle left plot of Fig. 5, was fitted using an OLS routine and shows a weakly decreasing
trend of log(FX) ∼ −0.147 ± 0.096 kT − 12.768 ± 0.202 . This is due partly to the wide
range in FX at lower values of plasma temperature. The middle right plot of Fig. 5 shows
the relation of FX to NH , with a fit of log(FX) ∼ 0.0479±0.050 NH−13.277±0.156 . There
is some evidence of a trend towards lower fluxes and higher column densities as the YSOs
move to earlier evolutionary classes. To determine if there was a trend in X-ray flux with
distance from the center of the cluster, we compared FX to the off-axis angle, Θ, and found
a weak trend of log(FX) ∼ 0.0495 ± 0.04 Θ − 13.262 ± 0.263 , where the X-ray flux has a
slight tendency to increase the further off-axis the source is located. This is likely due to the
location of the fainter protostellar sources near to the center of the aim-point.
There is a weak trend in FX with dereddened H-band magnitude observed, c.f. lower
left of Fig. 5, with log(FX) ∼ −0.126 ± 0.093 [H ]dered − 11.875 ± 0.982 . The dereddened
H-band serves as a proxy for stellar mass as it is the band least contaminated by reddening
and emission from the circumstellar material (though these are not completely removed and
will contribute to scatter in the plot). Given that the X-ray flux is a function of bolometric
luminosity, which is itself a function of mass, such a trend is expected though with a large
scatter due to the large variation in rotational periods (Gallet & Bouvier 2013). A similar
weak trend was reported in Serpens Main and LkHa 101 (Winston et al. 2007; Wolk et al.
2008).
Fig. 5 (upper right) shows the NHv.AK relation, which compares the density of the
gas to extinction from dust in the line of sight. Historical measurements of NH/AV range
from approximately 2.2×1021cm−2 (Ryter 1996) derived from O-star absorption, to roughly
1.6× 1021cm−2 (Vuong et al. 2003) derived from a well behaved sample of PMS stars in the
ρ Ophichus cluster. The gas to dust ratio in Serpens South was fitted as NH∼0.6845 ±
0.094 × 1022 AK . We have included class II and flat spectrum sources in the fitting due to
the paucity of available class III diskless objects, which best trace the intra cluster medium,
especially at higher values of both NH and AK . A lowering of the dust to gas ratio can be
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due to depletion of hydrogen gas or to grain growth or annealing into crystalline silicates
(Winston et al. 2007; Jura 1980). This value is consistent with those of the lower mass
clusters Serpens and NGC 1333, where the authors reported on a decreased NH to AK ratio,
of ∼ 0.6 × 1022 (Winston et al. 2007, 2010), than that quoted for the diffuse interstellar
medium in Vuong et al. (2003) of 1.6×1022 . However, the high-mass RCW 38 and RCW 108
fit very well to the ratio of 1.6 × 1022, consistent with the Vuong et al. (2003) value for the
local ISM and nearby molecular clouds (Winston et al. 2011; Wolk et al. 2011).
4.4. X-ray Luminosity and Cluster Distance
The X-ray luminosity function (XLF) for young clusters has been examined by Feigelson et al.
(2005) and demonstrated empirically to follow a ’universal’ log normal distribution, where
< log(LX) >= 29.3 and σ = 1.0. This univesal XLF is dependent only on the assumed
distance to the cluster, making it a useful proxy for estimating the distance to these young
clusters. While this method is nominally independent of the optical or IR photometry of
the cluster, it is dependant on stellar age and spectral type. The most massive stars are in
general the most X-ray luminous and as such set the high energy tail of the XLF distribution.
The authors have previously presented the XLF for Serpens Main (Winston et al. 2011),
showing that it is better fit by a distance closer to ∼360pc, than to the then accepted distance
of 260pc (Straiz˘ys et al. 2003). This was closer to the current best distance measurement of
436±9pc to that region (Ortiz-Leon et al. 2017). The distance to the Serpens Cloud and the
Aquila Rift complex has been the subject of much debate in the literature. Serpens South
is assumed to lie at the distance of Serpens Main, however this has not been verified.
An early distance determination to the Serpens Main region was that of Strom et al.
(1974) who measured the distance to HD 170734 as 440 pc, assuming A0 spectral type, V
= 9.2, and E(B-V)∼0.3. Zhang et al. (1988) reported distance of 700 pc was based on HD
170634, HD 170739, and HD 170784 with B spectral types, and R = 3.1. de Lara et al. (1991)
used the same stars, adding BD-24607 and Chavarria 7, reclassifying them to be on the main
sequence, with RBV = 3.3±0.3 and obtained a distance of 310 pc. Straiz˘ys et al. (2003) detail
Vilnius photometry and photometric classification of 473 stars toward the Serpens Cauda
cloud complex, to a depth of V∼13. The AV and distance to each star were calculated and
used to determine the near edge of the Serpens Main cloud and to estimate the depth of the
cloud. The near edge of the cloud was found to lie at 225±55 pc, with an estimated depth
of 80 pc, average distance of 260 pc, and far edge at 360 pc. A recent distance estimate to
Serpens is that of Dzib et al. (2010) who used the VLBA to measure the parallaxes of both
components of the YSO EC 95, which is located at the centre of the Serpens Main cluster.
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They estimate a distance of 429±2 pc. Shuping et al. (2012) use spectral typing of MS stars
to estimate a distance of 455-535 pc to W40, which lies adjacent to Serpens South. This is
consistent with the result of Ortiz-Leon et al. (2017) of 436 pc from VLBA measurements.
We have here undertaken a similar XLF analysis for Serpens South, however in this
case, instead of attempting to assign an exact distance based on the empirical function, we
compare the XLFs of three clusters: Serpens Main, NGC 1333, and W 40. This provides a
comparitive distance measure and the likelihood of an association between Serpens South and
its two nearest neighbors, Serpens Main and W 40. We include a comparison to NGC 1333,
as its distance of 240 pc is considered to be reliable, and exhibits an XLF strongly consistent
with this distance. The X-ray datasets for the Serpens Main and NGC 1333 clusters were
obtained from the Chandra ANCHORS archive 4. The W 40 luminosity values were taken
from the Kuhn et. al. (2010) paper, and then adjusted from 600pc to a distance of 430pc.
In Figs. 6 & 7 the histogram and cumulative distributions of the X-ray luminosities are
compared for the currently accepted distances to Serpens Main (430pc), NGC 1333 (240pc),
and at a distance of 430 pc for W 40. W 40 has recently been found by VLBA to lie at the
same distance as Serpens Main, a far closer distance than the previously accepted range of
600-900pc (Ortiz-Leon et al. 2017). If all three clusters are associated this would make the
Aquila Rift complex a massive star forming complex lying at essentially the same distance
as Orion.
Following Pillitteri et al. (2016) we compared the median X-ray luminosity of Serpens
South over a range in distances to the medians of Serpens Main and NGC 1333 at their
accepted distances to determine the distance at which they are similar. The median value for
Serpens Main was log(LX) ∼ 29.77, and for NGC 1333 was log(LX) ∼ 29.73, for log(LX) >
29.3. The median flux for Serpens South at 430 pc was log(LX) ∼ 30.15, and log(LX) ∼ 29.77
at 260 pc. We also applied the Kolmogrov-Smirnov (K-S) test to determine the probability
that two samples are drawn from the same distribution. The highest probability that the
NGC 1333 and Serpens South samples were taken from the same distribution ([K-S stat:
0.1, prob.: 0.996]) occurred at a distance of 260pc for Serpens South. The results were [K-S
stat: 0.48, prob.: 0.0005] at a distance of 430pc to Serpens South. Similarly, the highest
probability that the Serpens Main and Serpens South samples were taken from the same
distribution ([K-S stat: 0.147, prob.: 0.880]) also occurred at a distance of 260pc. The
results were [ K-S stat: 0.437, prob.: 0.0041] for Serpens South at a distance of 430pc.
We also compared W 40 with NGC 1333, and found that the median values of W 40
were log(LX) ∼ 29.67 and log(LX) ∼ 29.79 at 430pc and 600pc, respectively. The median
4http://cxc.harvard.edu/ANCHORS/
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value at 600 pc is closer to the NGC 1333 median, in agreement with the Kuhn et. al. (2010)
distance estimate to the cluster. However, the K-S test results are only marginally better
fit by the further distance, with [K-S stat: 0.139, prob.: 0.659] and [K-S stat: 0.134, prob.:
0.650] for 430pc and 600pc, respectively. For this reason we use the Ortiz-Leon et al. (2017)
distance in Figs. 6 & 7.
Surprisingly, then, the best fit distance to Serpens South when compared to the XLFs
of the other regions is 260pc, one of the nearest distance estimates to the Aquila Rift cloud
complex (Straiz˘ys et al. 2003). This implies that the cluster is closer than Serpens Main and
W 40, lying in front of these two regions, and that it is not likely to be physically associated
with either region. It is possible that a number of the brighter sources (on which the fitting
rests) are from a foreground population near the ’surface’ of the Aquila cloud and that the
main young cluster is embedded further into the cloud at a more similar distance to the
other two regions.
Further planned observations with XMM − Newton of extended fields surrounding
Serpens South will help clarify this issue by identifying any distributed populations or a trend
in the X-ray properties that may indicate contamination from different cluster populations.
Future Gaia releases may also provide distances to some of the brighter and less embedded X-
ray sources. Gaia will, however, suffer several problems evaluating such very young clusters:
its cut-off at V ∼ 20, making detections towards dense cores with high AV difficult. Gaia
may provide reliable distances to the less embedded and more evolved objects - the Class
IIIs detected by Chandra - the current release did not contain any parallax measurements
for known cluster members of Serpens South.
4.5. Spatial Distribution
The Serpens South core cluster was first identified in IRAC imaging by Gutermuth et al.
(2008b) as a knot of bright stars in the center of a dusty filament. However, an extended
population of young stars exists in the region, merging into W40 in the east. To better
understand the YSO spatial distribution, we have examined the IR-excess population of
YSOs surrounding the Chandra field of view and have overplotted their spatial distribution
on the Herschel Gould’s Belt survey column density map of the region, Fig. 4 (Konyves et al.
2012). The hydrogen column density map shows a dense filament extending from northwest
to south where it splits into two lanes. There is another more fragmentary filament to the
northeast, and a highly dense spherical region to the west. These regions show peak column
densities of ∼ 2 × 1022cm−2. They are also the locations of the majority of the protostellar
population. The more evolved disk-bearing and diskless stars are more widely distributed,
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though both groups still trace the filament and high density regions.
The large number of class II objects to the southeast and southwest of the main filament
may indicate the presence of an older population, perhaps associated with W40 in the east,
and the small dense cluster to the west. The high percentage of class IIs and class IIIs
relative to the protostars would imply that these groups are more evolved, and as such older,
that the central Serpens South cluster.
As an initial approach to understanding the spatial distribution of the IR-detected YSOs
in the region, a surface density map is shown in Figure 8. The local surface density at each
point on a uniform grid was calculated following the method outlined in Casertano & Hut
(1985):
Σ(i, j) =
N − 1
pi r2N(i, j)
where rN is the projected distance to the Nth nearest cluster member. In this case, the stellar
surface density was calculated with a grid size of 100 × 100 using N = 18, the distance to
the 18th nearest neighbor, to smooth out smaller scale structure. Further, Casertano & Hut
(1985) found that the uncertainty goes as Σ/(N−2)1/2, so by taking N = 18, the uncertainty
is 25%. The underlying filamentary structure is clearly visible, with the Serpens South core
and SE cluster forming the two highest density areas. The cluster to the west also forms
a clear peak in stellar density, while a tentative cluster to the NE is faintly visible in the
log-scaled image.
To perform a quantative search for substructure in the Serpens South IR-field a min-
imum spanning tree (MST) graph was calculated for the class 0/1 and class 2 sources, as
shown in Fig. 9. This graph connects the YSOs in such as way as to connect each point
without loops while minimising the total length of the branches, and was done using a python
routine written by VanderPlas (2016). Subclusters were identified as those points connected
by branches with lengths less than the characteristic branch length (Gutermuth et al. 2008b).
This is defined from Fig. 10 as the intersection of linear fits to the cumulative distribution
of branch lengths; for the Serpens South IR-field is 0.024o or 87′′. This branch length corre-
sponds to on sky separations of 0.11pc and 0.18pc, at cluster distances of 260pc and 430pc,
respectively. Four subclusters are identified using this method. Three are associated with
the central filament; two smaller clusters at each end and the main Serpens South core at
its center. The fourth subcluster is associated with the dense region to the west and is
composed primarily of pre-main sequence stars, indicating that it is either an older cluster
or lies behind an older foreground population. The tentative subcluster is associated with
the more fragmented, possibly ring-shaped, filament to the northeast. This cluster contains
only about twenty members, of which six are protostars, a similarly high fraction to the
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central cluster, indicating it may be of a similar age though with far fewer members. It is
not identified as a subcluster in the MST approach as we require a minimum of 10 objects to
be assigned to a subcluster and only six are in close enough proximity due to the apparently
ring-shaped distribution.
Subclustering in a star-forming region can be further quantified using the Q-parameter
as defined by Cartwright & Whitworth (2004): it extends the usage of the MST to quantify
and distinguish between smooth large-scale radial density gradients and multiscale or fractal
subclustering. This method provides a statistical method of characterizing structure in stellar
clusters. The Q-parameter is defined as m¯/s¯, where m¯ is the normalized mean MST branch
length, m¯/(NtotalA)
1/2/(Ntotal − 1), and s¯ is the normalized mean separation, s¯/Rcluster. A
Q-parameter equal to 1 indicates a smooth radial distribution of sources, while lower values
indicate subclustering. For the Serpens South IR-field, m¯ = 0.0269o and s¯ = 0.0365o, yielding
a value of Q equal to 0.737. This value is significantly less than 1 and indicates that fractal
subclustering defines the structure and spatial distribution of the YSOs in Serpens South.
This is in agreement with the visual association of the YSOs with the dusty filamentary
structures as shown in Fig. 4.
Overall, it appears that the Serpens South region is dominated by a dense filament
wherein the Serpens South core forms the central densest region of star formation with
ongoing star formation along the entire length. A small pocket of star formation to the NE
in a less dense filament may be associated with Serpens South or the nearby W40 region.
The cluster to the west, with a lower protostellar fraction, may be slightly more evolved and
its association with Serpens South, though likely, cannot be confirmed. The X-ray detected
class IIIs to the west of the Serpens South core are coincident with class 2 YSOs associated
with this cluster, and therefore may belong to it and not the Serpens South core.
4.6. Variables & Flares
The lightcurves of the 152 X-ray detections were searched for variability using the
Gregory-Loredo based algorithm CIAO routine, glvary. This routine returned the binned
lightcurves and a probability index from 0-10, where zero is non-variable and >7 indicates
a probability >0.9 that the source is variable. Of the 152 sources, 16 have P > 0.9 to be
variable, and 2 have 0.66 < P < 0.9 to be variable. The lightcurves of the 18 variable sources
are shown in Fig.11, labeled with the source ID in Table 2 and their probability. Of the 18
variables detected: 4/21 class I are found to be variable, 1/6 flat spectrum are variable,
5/16 class II show variability, and 5/18 class III sources are variable. The remaining three
did not have match in the IR catalogue. Given the high extinction towards the cluster it is
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likely that they are cluster members undetected in the IR. A similar number of protostars
and pre-main sequence cluster members are found to be varying, indicating little difference
between the evolutionary classes.
Eight sources exhibit flaring activity during the 97.5 ks observation. There is no trend
with class and flaring activity, and all the flares show a similar increase, of roughly 5 times
the basal flux, at their peak emission. Seven sources exhibit a monotonic decrease and two
a monotonic increase in activity during the observation.
One unusual source, ID#58, is a class III source showing no excess emission and is found
to be periodic at X-ray wavelengths. It has a period of ∼0.463 days and shows a doubling in
flux at peak levels. A number of explanations for this periodicity are possible: stable spots on
the stellar surface, a binary companion, or the presence of a massive exoplanet. A low mass
binary companion or a close-in hot jupiter-like exoplanet, that periodically rotates into view
could block the X-ray emission of the primary. Flaccomio et al. (2005) report the rotational
modulation of 23 X-ray sources in the COUP survey, finding 20-70% amplitude changes
on period or half-period timescales. Unfortunately, this source lies outside the Wolk et al.
(2018) YSOVar field of view and so no data is available on its variability at IR wavelengths.
However, approved observations of the extended Serpens South region with XMM-Newton
will provide further coverage of this object and provide a better understanding of the periodic
nature of this source.
5. Summary
We have undertaken a Chandra X-ray study of the Serpens South star forming cluster.
Combining the X-ray data with near and mid-IR datasets from 2MASS and Spitzer we have
identified 95 new YSOs and reassessed the membership of others. The X-ray data set has
allowed us to search for more evolved, class III members of this extremely young cluster
to examine the extent of disk evolution and/or processing that has occurred in this young
region.
The location of five of the class III sources in the center of the Serpens South cluster
suggests that dynamical evolution can play a strong role in the processing of circumstellar
disks, and therefore that cluster age estimates based on disk fractions are likely misleading.
• We have identified 152 X-ray sources in the field, with 66 matched to an IR counterpart.
• Of the 66, we classify 21 class I, 6 flat spectrum, 16 class II, and 18 class III sources
with the classSED method. Five were detected in only one/two IR bands, and could
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not be classified. Of these, 31 were new X-ray detected YSOs.
• The gas-to-dust ratio as measured by the NHv.AK relation was found to be NH∼0.68×
AK , similar to Serpens Main, but lower than expected for the ISM, likely due to grain
growth.
• The Serpens South X-ray luminosity function was compared to that of the Serpens
Main and W40 clusters. Our results indicate that it does not lie at the same distance
as either cluster, with a best match to the nearer estimate of 260 pc for the front of
the Aquila Rift complex.
• We report 299 YSOs with IR-excess emission, in a 0.6o square field centred on the
Chandra Serpens South pointing; of these 90 were class 0/1 protostars, 195 class 2
objects, and 14 weak disk-emission class 3 young stars using the classcolor method. Of
these, 64 were newly identified YSOs in the IR.
• The protostars are all located in regions of high column density, as traced by Herschel.
The class II sources are somewhat more distributed over the field, however they still
trace the underlying filamentary structure, which is consistent with the extremely
young age of Serpens South.
• Five of the class III sources are coincident with the central core of the Serpens South
cluster, suggesting that the evolution of their disks has occured not due to age, but to
dynamical evolution between young stars in the cluster.
• Four subclusters were identified in the IR-field using the MST technique, with a Q =
0.737, indicating fractal subclustering. The surface density map shows that the three
central subclusters are knots of star formation along the central filament. The cluster
to the W may not be associated with Serpens South; it appears to be older, with a
lower protostellar fraction, and may be the origin of 4-6 of the class III stars identified
to the W of the Serpens South core. A fifth smaller subcluster to the NE may be
simply be an overdensity or a could be a much smaller/dispersed ring-shaped cluster.
• We found 18 variable sources, in all evolutionary classes, 8 of which show flares. One
class III source showed periodic variability with a 0.463 day period.
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Table 1. Table of Identified Cluster YSOs.a
Class Ser S IR-field Chandra FOV Detected by Chandra
C I / C 0 1 90 57 21
FS - - 6
C II/ C 2 195 66 16
C 3 14 3 -
C III - - 18
UNK - - 5
Total 299 126 66
aThe numbers of YSOs identified by both methods in the two fields outlined
in Figure 1. The numbers detected by Chandra include YSOs not classified
as such by our IR YSO identification. The ’C 3’ category are those objects
identified as anaemic-disk class III via the classcolor classification method but
which were not detected in X-rays.
–
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Table 2. Chandra X-ray Detections
Ch. IR a RA Dec Src.b Off Net σNet NH NH,l NH,u kT kTl kTu Abs. FX Abs. σFX FX
c σFX Var.
d
ID src? Sig. Axis 1022 1022 1022 ergs ergs ergs ergs
(J2000) (J2000) deg. Cnts Cnts cm−2 cm−2 cm−2 keV keV keV cm−2s−1 cm−2s−1 cm−2s−1 cm−2s−1
1 IR 18h29m15.977s -2d08m36.422s 8.10 13.23 196.33 24.19 1.73 -0.25 0.25 1.74 -0.26 0.26 3.25e-14 3.17e-14 1.17e-13 3.23e-14 ...
2 IR 18h30m09.2883s -2d07m23.1351s 9.08 5.98 91.14 10.02 2.14 ... ... 1.83 ... ... 1.62e-14 1.59e-14 6.19e-14 1.56e-14 V
3 ... 18h30m08.6374s -2d06m09.6011s 8.04 4.77 80.49 9.99 4.57 ... ... 2.32 ... ... 1.82e-14 1.61e-14 8.04e-14 1.69e-14 ...
4 ... 18h29m44.1198s -2d05m20.3177s 2.31 5.58 14.12 6.07 ... ... ... ... ... ... 3.05e-33 – 7.86e-21 – ...
5 IR 18h30m03.136s -2d05m14.8525s 12.31 3.52 154.63 12.53 1.96 ... ... 2.25 ... ... 2.53e-14 2.48e-14 7.68e-14 2.49e-14 V
6 IR 18h29m03.4089s -2d04m51.5s 3.80 14.78 37.23 9.77 0.74 -0.35 0.35 0.99 -0.20 0.20 7.49e-15 6.86e-15 3.06e-14 7.16e-15 ...
7 ... 18h30m21.1888s -2d04m30.0481s 5.19 5.69 40.90 7.86 15.23 ... ... 31.10 ... ... 2.24e-14 2.23e-14 7.42e-14 2.24e-14 ...
8 IR 18h30m04.4512s -2d04m15.8764s 9.11 2.63 86.68 9.49 2.96 -0.45 0.45 2.72 -0.45 0.45 1.68e-14 1.65e-14 5.29e-14 1.67e-14 V
9 IR 18h29m54.9737s -2d04m11.6593s 10.57 2.90 115.18 10.87 1.26 -0.32 0.32 2.93 -0.94 0.94 1.75e-14 1.69e-14 4.11e-14 1.67e-14 ...
10 IR 18h30m06.7824s -2d03m37.7657s 6.73 2.33 49.18 7.29 5.23 -1.66 1.66 3.88 -2.19 2.19 1.45e-14 1.23e-14 4.49e-14 1.16e-14 ...
11 ... 18h30m02.1136s -2d03m22.1748s 1.92 1.63 4.79 2.46 ... ... ... ... ... ... 9.43e-40 – 2.63e-25 – ...
12 ... 18h30m02.625s -2d03m01.6534s 3.75 1.32 16.90 4.48 ... ... ... ... ... ... 5.20e-15 – 1.28e-14 – wV
13 IR 18h30m02.7556s -2d02m59.7248s 10.64 1.29 117.39 11.01 5.60 -1.16 1.16 1.31 -0.31 0.31 2.05e-14 1.87e-14 2.62e-13 1.82e-14 ...
14 ... 18h30m02.5872s -2d02m57.0581s 32.27 1.24 1047.91 32.40 5.97 -0.35 0.35 36.45 -22.59 22.59 3.25e-13 3.09e-13 7.72e-13 3.08e-13 V
15 ... 18h30m05.806s -2d02m53.599s 1.86 1.61 3.81 2.00 ... ... ... ... ... ... 2.01e-35 – 2.76e-22 – ...
16 IR 18h30m02.0152s -2d02m37.4667s 4.47 0.89 22.11 4.91 ... ... ... ... ... ... 2.49e-30 – 3.13e-19 – ...
17 IR 18h30m05.2769s -2d02m34.0618s 6.95 1.29 50.78 7.29 2.02 ... ... 18.76 ... ... 1.28e-14 1.27e-14 2.17e-14 1.27e-14 ...
18 IR 18h30m04.7708s -2d02m27.966s 3.24 1.13 11.83 3.61 ... ... ... ... ... ... 1.38e-15 – 1.84e-07 – ...
19 IR 18h30m03.027s -2d02m20.8076s 3.63 0.74 14.27 3.88 ... ... ... ... ... ... 2.72e-41 – 2.82e-17 – ...
20 IR 18h30m04.226s -2d02m20.2318s 2.41 0.94 6.49 2.65 ... ... ... ... ... ... 2.66e-41 – 2.76e-17 – ...
21 IR 18h30m06.19s -2d02m19.7346s 7.24 1.36 53.34 7.35 3.46 ... ... 1.96 ... ... 1.13e-14 1.10e-14 5.22e-14 1.05e-14 ...
22 IR 18h30m00.5468s -2d02m11.1644s 3.72 0.47 15.93 4.25 ... ... ... ... ... ... 5.72e-15 – 5.34e-14 – ...
23 IR 18h30m05.2119s -2d02m06.3425s 2.93 1.05 9.37 3.17 ... ... ... ... ... ... 1.42e-15 – 1.96e-07 – ...
24 IR 18h30m00.6646s -2d02m04.9406s 3.85 0.36 16.02 4.13 ... ... ... ... ... ... 1.62e-15 – 2.52e-08 – ...
25 IR 18h30m02.2544s -2d01m59.5384s 4.14 0.34 18.22 4.36 ... ... ... ... ... ... 8.00e-35 – 4.94e-18 – ...
26 IR 18h30m05.7492s -2d01m58.1506s 3.10 1.14 10.41 3.32 ... ... ... ... ... ... 7.38e-35 – 4.56e-18 – ...
27 ... 18h29m52.4929s -2d01m47.6011s 5.08 2.19 29.33 5.76 ... ... ... ... ... ... 6.76e-35 – 4.17e-18 – ...
28 IR 18h30m05.8013s -2d01m44.4681s 9.24 1.13 86.41 9.33 3.98 -1.12 1.12 3.29 -1.56 1.56 3.92e-14 3.45e-14 1.22e-13 3.42e-14 V
29 ... 18h30m16.0384s -2d01m43.003s 4.83 3.69 27.91 5.76 ... ... ... ... ... ... 5.52e-35 – 3.41e-18 – ...
30 IR 18h30m04.9592s -2d01m42.5298s 3.72 0.93 14.51 3.88 ... ... ... ... ... ... 4.90e-35 – 3.02e-18 – ...
31 IR 18h29m58.8152s -2d01m34.5251s 3.81 0.64 15.85 4.13 ... ... ... ... ... ... 7.81e-16 – 1.50e-12 – ...
32 IR 18h29m58.9366s -2d01m25.5412s 8.42 0.67 72.61 8.61 5.42 ... ... 15.32 ... ... 1.89e-14 – 4.23e-14 – V
33 IR 18h30m04.0664s -2d01m23.2779s 2.34 0.79 5.82 2.45 ... ... ... ... ... ... 2.26e-36 – 3.40e-22 – ...
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Table 2—Continued
Ch. IR a RA Dec Src.b Off Net σNet NH NH,l NH,u kT kTl kTu Abs. FX Abs. σFX FX
c σFX Var.
d
ID src? Sig. Axis 1022 1022 1022 ergs ergs ergs ergs
(J2000) (J2000) deg. Cnts Cnts cm−2 cm−2 cm−2 keV keV keV cm−2s−1 cm−2s−1 cm−2s−1 cm−2s−1
34 IR 18h30m10.431s -2d01m22.3515s 7.62 2.32 59.63 7.81 3.95 -1.11 1.11 64.00 ... 74.26 1.67e-14 1.69e-14 3.15e-14 1.69e-14 ...
35 IR 18h29m58.3297s -2d01m20.8031s 3.15 0.84 11.91 3.75 ... ... ... ... ... ... 9.78e-38 – 1.24e-23 – ...
36 IR 18h29m59.4699s -2d01m06.2942s 4.19 0.79 18.45 4.36 ... ... ... ... ... ... 6.44e-15 – 1.64e-14 – V
37 IR 18h30m05.1702s -2d01m04.5818s 11.18 1.19 127.34 11.36 3.79 -0.51 0.51 1.97 -0.25 0.25 3.15e-15 2.48e-14 6.16e-13 2.50e-14 ...
38 IR 18h29m57.9162s -2d01m03.2682s 4.38 1.09 20.76 4.70 ... ... ... ... ... ... 3.05e-15 – 5.09e-13 – V
39 IR 18h29m57.6523s -2d00m53.2855s 2.30 1.25 6.17 2.65 ... ... ... ... ... ... 4.46e-16 – 3.57e-14 – ...
40 ... 18h30m06.0616s -2d00m46.5744s 3.39 1.55 12.82 3.75 ... ... ... ... ... ... 1.45e-32 – 3.68e-24 – ...
41 IR 18h29m37.2651s -2d00m34.0474s 19.10 6.11 395.21 20.65 0.41 -0.12 0.12 1.02 -0.06 0.06 3.33e-14 2.64e-14 5.54e-14 2.64e-14 V
42 IR 18h30m12.8015s -2d00m15.227s 7.45 3.25 62.15 8.32 0.43 ... ... 0.93 ... ... 4.08e-15 3.80e-15 1.15e-14 3.54e-15 ...
43 ... 18h30m15.3972s -2d00m06.6305s 6.82 3.90 54.85 8.02 4.78 -0.82 0.82 64.00 ... ... 1.53e-14 – 3.04e-14 – wV
44 IR 18h30m07.2374s -1d59m19.6181s 4.48 2.85 21.68 4.80 ... ... ... ... ... ... 2.12e-15 – 6.80e-15 – ...
45 IR 18h30m08.0638s -1d59m17.3892s 5.02 2.99 29.12 5.76 ... ... ... ... ... ... 1.99e-15 – 4.64e-15 – ...
46 IR 18h29m54.3734s -1d58m23.4857s 9.82 3.78 103.82 10.55 5.47 ... ... 15.32 ... ... 3.20e-14 3.18e-14 7.14e-14 3.23e-14 V
47 IR 18h29m58.2173s -1d58m05.2184s 10.20 3.75 116.33 11.38 1.53 ... ... 1.41 ... ... 1.34e-14 1.19e-14 5.95e-14 1.18e-14 ...
48 IR 18h30m00.0949s -1d57m14.6853s 7.95 4.52 82.71 10.39 4.69 -0.91 0.91 1.49 -0.25 0.25 1.35e-14 1.33e-14 1.13e-13 1.29e-14 V
49 ... 18h29m13.0239s -2d11m15.6651s ... 15.35 -22.57 17.34 ... ... ... ... ... ... 1.98e-15 – 1.13e-13 – ...
50 ... 18h29m04.3845s -2d09m33.2477s 9.53 16.21 125.92 13.18 1.11 -0.23 0.23 2.38 -0.65 0.65 6.22e-14 6.09e-14 1.45e-13 6.30e-14 ...
51 ... 18h30m08.3443s -2d06m19.4363s 3.52 4.90 25.54 7.21 ... ... ... ... ... ... 3.66e-15 – 3.40e-14 – ...
52 IR 18h29m25.8201s -2d03m18.4848s 11.34 8.99 160.07 14.09 1.54 -0.33 0.33 2.95 -0.78 0.78 3.46e-14 3.44e-14 8.06e-14 3.33e-14 V
53 IR 18h29m39.8154s -2d03m02.8204s 6.86 5.51 66.66 9.69 1.29 -0.58 0.58 3.32 -1.96 1.96 1.13e-14 1.04e-14 2.37e-14 1.05e-14 ...
54 IR 18h30m09.8899s -2d02m58.887s 2.34 2.48 6.30 2.65 ... ... ... ... ... ... 9.57e-16 – 4.50e-14 – V
55 IR 18h30m01.2767s -2d01m48.2274s 2.60 0.05 7.46 2.83 ... ... ... ... ... ... 1.16e-31 – 1.54e-29 – ...
56 ... 18h30m14.7459s -2d01m27.0728s 4.30 3.38 24.61 5.68 ... ... ... ... ... ... 7.80e-15 – 1.76e-14 – ...
57 ... 18h30m01.1126s -1d59m56.1104s 1.94 1.82 3.96 2.00 ... ... ... ... ... ... 6.27e-38 – 7.97e-24 – ...
58 IR 18h29m34.5382s -1d58m00.3886s 13.05 7.66 196.26 15.00 0.22 -0.19 0.19 1.02 -0.09 0.09 1.40e-14 1.44e-14 2.57e-14 1.39e-14 V
59 IR 18h30m29.2341s -1d56m43.2076s 7.59 8.61 80.26 10.55 1.93 -0.35 0.35 2.13 -0.35 0.35 1.42e-14 1.41e-14 4.48e-14 1.38e-14 ...
60 IR 18h29m59.0713s -1d55m11.3904s 17.23 6.59 339.15 19.64 1.40 ... ... 2.93 ... ... 5.53e-14 5.49e-14 1.65e-13 5.48e-14 ...
61 IR 18h30m08.2351s -1d54m46.6077s 2.69 7.19 16.19 5.97 ... ... ... ... ... ... 5.08e-15 – 9.27e-14 – ...
62 IR 18h30m12.4052s -1d53m10.347s 20.56 9.02 485.38 23.55 0.52 -0.07 0.07 0.82 -0.04 0.04 4.51e-14 3.93e-14 5.13e-13 3.92e-14 V
63 ... 18h29m22.9687s -2d08m04.5969s 2.71 11.47 36.52 13.36 1.11 ... ... 1.76 ... ... 7.26e-15 – 2.06e-14 – ...
64 ... 18h30m11.5608s -2d06m05.8904s 5.63 5.05 58.84 10.43 12.48 ... ... 1.14 ... ... 1.28e-14 1.09e-14 5.49e-13 9.29e-15 ...
65 ... 18h30m03.9891s -2d05m37.3515s 4.24 3.93 26.87 6.28 ... ... ... ... ... ... 3.60e-16 – 2.12e-15 – ...
66 ... 18h29m42.8473s -2d05m12.3317s 4.86 5.75 32.64 6.67 9.46 ... ... 7.54 ... ... 1.31e-14 – 3.94e-14 – ...
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Table 2—Continued
Ch. IR a RA Dec Src.b Off Net σNet NH NH,l NH,u kT kTl kTu Abs. FX Abs. σFX FX
c σFX Var.
d
ID src? Sig. Axis 1022 1022 1022 ergs ergs ergs ergs
(J2000) (J2000) deg. Cnts Cnts cm−2 cm−2 cm−2 keV keV keV cm−2s−1 cm−2s−1 cm−2s−1 cm−2s−1
67 IR 18h29m42.7496s -2d04m44.3713s 5.59 5.50 53.59 9.56 3.52 ... ... 16.94 ... ... 1.67e-14 1.67e-14 3.26e-14 1.68e-14 ...
68 ... 18h30m08.0346s -2d04m26.8571s 2.33 3.18 7.47 3.18 ... ... ... ... ... ... 2.13e-16 – 1.28e-11 – ...
69 IR 18h30m10.8257s -2d03m54.2809s 3.10 3.21 12.94 4.14 ... ... ... ... ... ... 2.13e-40 – 2.54e-24 – ...
70 IR 18h29m36.9891s -2d03m24.9726s 4.15 6.29 30.70 7.34 5.62 -1.77 1.77 0.97 -0.33 0.33 5.37e-15 3.56e-15 1.70e-13 3.81e-15 ...
71 IR 18h30m13.172s -2d03m08.6568s 2.17 3.28 5.84 2.65 ... ... ... ... ... ... 1.91e-36 – 2.62e-23 – ...
72 ... 18h30m03.5249s -2d03m01.2253s 2.15 1.39 6.18 2.84 ... ... ... ... ... ... 1.73e-16 – 1.17e-09 – ...
73 ... 18h30m19.4157s -2d02m19.399s 3.06 4.57 14.89 4.83 ... ... ... ... ... ... 1.61e-35 – 8.73e-19 – ...
74 IR 18h29m30.4965s -2d02m15.643s 8.98 7.70 116.19 12.92 0.74 -0.18 0.18 0.24 -0.07 0.07 1.27e-14 8.25e-15 1.98e-12 8.73e-15 ...
75 ... 18h29m45.5342s -2d02m08.8718s 0.59 3.95 2.63 4.06 ... ... ... ... ... ... 1.48e-15 – 6.71e-12 – ...
76 ... 18h29m34.9434s -2d02m05.8866s 4.51 6.58 40.78 8.97 12.88 ... ... 1.22 ... ... 8.75e-15 6.54e-15 3.05e-13 5.71e-15 ...
77 ... 18h30m26.561s -2d01m55.0243s 2.79 6.32 18.22 6.47 ... ... ... ... ... ... 3.54e-16 – 5.49e-13 – ...
78 IR 18h30m05.1699s -2d01m41.3391s 2.62 0.98 7.54 2.83 ... ... ... ... ... ... 1.16e-35 – 1.59e-22 – V
79 ... 18h30m01.5721s -2d01m41.6444s 1.96 0.10 4.46 2.24 ... ... ... ... ... ... 1.33e-16 – 3.51e-12 – ...
80 ... 18h29m58.91s -2d00m39.3227s 2.33 1.25 7.11 3.01 ... ... ... ... ... ... 1.23e-33 – 3.95e-21 – ...
81 ... 18h30m09.6567s -2d00m32.6007s 2.59 2.42 7.90 3.01 ... ... ... ... ... ... 1.57e-38 – 4.40e-24 – ...
82 IR 18h30m05.3628s -2d00m26.6141s 3.03 1.66 9.70 3.16 ... ... ... ... ... ... 6.20e-32 – 1.90e-20 – ...
83 ... 18h30m27.5422s -2d00m16.3677s 7.58 6.73 92.42 12.16 ... ... ... 3.88 ... ... – – – – ...
84 ... 18h29m40.3892s -1d59m39.0544s 4.20 5.62 37.04 8.75 2.37 ... ... 64.00 ... ... 6.32e-15 6.16e-15 1.05e-14 6.23e-15 ...
85 ... 18h30m13.5388s -1d59m33.5346s 2.06 3.77 10.86 5.25 ... ... ... ... ... ... 6.38e-15 – 3.18e-14 – ...
86 IR 18h29m44.684s -1d59m16.701s 4.08 4.83 24.83 6.03 ... ... ... ... ... ... 7.85e-15 – 2.99e-14 – ...
87 ... 18h29m47.3602s -1d58m44.201s 4.41 4.60 28.13 6.36 ... ... ... ... ... ... 8.00e-15 – 1.51e-14 – ...
88 ... 18h30m09.5272s -1d58m35.7754s 1.66 3.77 7.20 4.29 ... ... ... ... ... ... 5.63e-17 – 1.02e-08 – ...
89 ... 18h30m07.0611s -1d58m20.6619s 2.72 3.71 11.03 4.02 ... ... ... ... ... ... 1.83e-41 – 1.89e-17 – ...
90 ... 18h30m10.7933s -1d58m09.4137s 3.35 4.32 21.50 6.38 ... ... ... ... ... ... 4.93e-17 – 6.49e-08 – ...
91 ... 18h30m17.7641s -1d57m49.4548s 7.97 5.70 73.41 9.19 6.48 -2.01 2.01 64.00 ... 94.84 2.62e-14 2.64e-14 5.77e-14 2.72e-14 ...
92 ... 18h30m00.9902s -1d55m22.3522s 3.26 6.38 33.90 10.33 4.80 ... ... 64.00 ... ... 1.28e-14 1.33e-14 2.56e-14 1.33e-14 ...
93 ... 18h30m15.4998s -1d54m41.8325s 2.65 7.90 29.77 11.16 ... ... ... ... ... ... 2.67e-16 – 4.91e-07 – ...
94 IR 18h29m47.4335s -1d53m10.9411s 9.92 9.24 120.73 12.14 1.47 ... ... 2.98 ... ... 2.35e-14 2.41e-14 4.42e-10 2.40e-14 ...
95 IR 18h30m02.975s -2d11m10.9312s 7.63 9.44 102.29 13.37 3.51 -1.28 1.28 2.90 -1.75 1.75 2.71e-14 2.04e-14 9.10e-14 2.15e-14 ...
96 ... 18h30m00.2061s -2d04m29.1704s 1.93 2.74 5.55 2.84 ... ... ... ... ... ... 1.22e-32 – 1.13e-12 – ...
97 ... 18h29m48.5338s -2d04m11.5782s 0.71 4.01 2.83 3.51 ... ... ... ... ... ... 3.26e-22 – 4.51e-08 – ...
98 IR 18h30m01.2954s -2d03m43.0995s 1.99 1.96 5.37 2.66 ... ... ... ... ... ... 1.18e-16 – 2.09e-06 – ...
99 ... 18h30m21.5536s -2d01m55.7962s 2.86 5.07 16.96 5.89 ... ... ... ... ... ... 1.79e-17 – 4.66e-07 – ...
–
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Table 2—Continued
Ch. IR a RA Dec Src.b Off Net σNet NH NH,l NH,u kT kTl kTu Abs. FX Abs. σFX FX
c σFX Var.
d
ID src? Sig. Axis 1022 1022 1022 ergs ergs ergs ergs
(J2000) (J2000) deg. Cnts Cnts cm−2 cm−2 cm−2 keV keV keV cm−2s−1 cm−2s−1 cm−2s−1 cm−2s−1
100 ... 18h30m02.3466s -2d01m49.5164s 1.86 0.28 4.24 2.24 ... ... ... ... ... ... 1.22e-32 – 1.13e-12 – ...
101 IR 18h29m51.1516s -2d01m36.7224s 1.64 2.53 4.11 2.46 ... ... ... ... ... ... 5.54e-17 – 1.92e-06 – ...
102 ... 18h30m08.2839s -2d01m25.5305s 1.57 1.79 3.22 2.01 ... ... ... ... ... ... 1.22e-32 – 1.13e-12 – ...
103 IR 18h30m16.9894s -2d00m57.4827s 2.14 4.01 7.51 3.49 ... ... ... ... ... ... 2.66e-16 – 6.60e-07 – ...
104 ... 18h29m48.6737s -2d00m54.2077s 2.47 3.26 10.66 4.27 ... ... ... ... ... ... 1.22e-32 – 1.13e-12 – ...
105 ... 18h30m09.6622s -2d00m14.3131s 1.62 2.59 4.07 2.46 ... ... ... ... ... ... 1.22e-32 – 1.13e-12 – ...
106 ... 18h29m54.9589s -1d59m33.394s 1.74 2.70 4.37 2.46 ... ... ... ... ... ... 1.22e-32 – 1.13e-12 – ...
107 IR 18h30m16.4459s -1d59m04.0673s 1.36 4.65 5.38 3.92 ... ... ... ... ... ... 1.55e-16 – 6.79e-07 – ...
108 ... 18h30m04.4185s -1d58m57.4491s 1.81 2.91 6.12 3.34 ... ... ... ... ... ... 1.34e-16 – 3.10e-06 – ...
109 ... 18h30m13.8451s -1d57m43.9859s 0.86 5.11 5.10 5.47 ... ... ... ... ... ... 1.22e-32 – 1.13e-12 – ...
110 ... 18h30m06.9694s -1d56m33.2929s 4.18 5.39 32.50 7.75 2.77 -0.19 0.19 2.32 ... ... 6.51e-15 5.03e-15 2.25e-14 5.35e-15 ...
111 IR 18h29m48.6406s -1d52m55.2667s 11.35 9.38 154.46 13.58 0.73 -0.10 0.10 0.72 -0.03 0.03 2.09e-14 1.55e-14 7.44e-14 1.53e-14 ...
112 ... 18h30m00.5779s -2d11m50.4189s 4.31 10.09 41.31 9.51 ... ... 0.15 31.91 ... 77.42 7.61e-15 – 7.61e-15 – ...
113 IR 18h30m21.0391s -2d07m16.2405s 6.31 7.41 61.98 9.81 4.00 -0.95 0.95 0.89 -0.22 0.22 9.38e-15 8.69e-15 2.66e-13 8.15e-15 ...
114 ... 18h29m35.7594s -2d05m14.7609s 5.05 7.26 70.53 13.94 1.23 -1.00 1.00 64.00 ... 175.50 2.22e-14 2.30e-14 3.25e-14 2.30e-14 ...
115 ... 18h30m34.6998s -2d04m30.4866s 3.50 8.80 25.74 7.30 ... ... ... ... ... ... 2.79e-15 1.48e-15 2.38e-13 1.11e-15 ...
116 ... 18h29m56.9623s -2d04m22.1246s 0.84 2.83 3.17 3.36 ... ... ... ... ... ... 1.22e-32 – 1.13e-12 – ...
117 ... 18h30m01.9377s -2d04m16.1324s 1.98 2.52 5.34 2.66 ... ... ... ... ... ... 5.23e-17 – 2.03e-06 – ...
118 ... 18h30m10.6491s -2d03m48.0867s 1.54 3.11 4.74 3.03 ... ... ... ... ... ... 2.33e-31 – 5.04e-12 – ...
119 ... 18h30m07.5126s -2d02m24.3247s 1.44 1.69 2.96 2.01 ... ... ... ... ... ... 1.22e-32 – 1.13e-12 – ...
120 ... 18h30m05.0051s -2d02m21.1025s 1.65 1.11 5.32 3.19 ... ... ... ... ... ... 1.22e-32 – 1.13e-12 – ...
121 ... 18h29m55.4346s -2d01m48.6941s 1.54 1.46 2.74 1.73 ... ... ... ... ... ... 1.22e-32 – 1.13e-12 – ...
122 ... 18h30m12.1927s -2d00m32.9343s 1.89 2.99 8.80 4.63 ... ... ... ... ... ... 1.34e-29 – 1.83e-10 – ...
123 IR 18h30m00.2406s -2d00m15.1213s 2.17 1.52 6.23 2.84 ... ... ... ... ... ... 1.22e-32 – 1.13e-12 – ...
124 ... 18h29m46.4362s -1d59m50.2711s 1.06 4.17 3.60 3.36 ... ... ... ... ... ... 2.33e-31 – 5.04e-12 – ...
125 ... 18h30m38.553s -1d59m22.7118s 5.03 9.62 52.88 10.49 42.28 ... ... 64.00 ... ... 3.32e-14 3.36e-14 2.33e-13 3.33e-14 ...
126 ... 18h29m47.1662s -1d59m20.4367s 2.11 4.27 9.11 4.28 ... ... ... ... ... ... 1.36e-16 – 2.06e-06 – ...
127 ... 18h30m12.8069s -1d56m12.7157s 4.12 6.25 33.79 8.13 1.67 -0.93 0.93 7.54 -4.04 4.04 7.00e-15 6.37e-15 1.22e-14 6.17e-15 ...
128 IR 18h30m27.1261s -2d06m37.0276s 2.84 8.09 20.69 7.25 ... ... ... ... ... ... 1.24e-14 1.22e-14 2.35e-14 1.25e-14 ...
129 ... 18h29m09.3614s -2d04m08.8913s 14.76 13.19 336.75 22.77 0.94 -0.17 0.17 4.96 -1.90 1.90 1.46e-13 1.45e-13 2.76e-13 1.44e-13 ...
130 ... 18h30m08.7809s -2d03m07.8319s 1.98 2.33 7.53 3.77 ... ... ... ... ... ... 6.16e-29 – 1.44e-10 – ...
131 ... 18h29m43.7126s -2d02m54.0362s 1.14 4.53 4.37 3.79 ... ... ... ... ... ... 9.59e-17 – 9.83e-08 – ...
132 ... 18h30m00.7105s -2d02m33.5504s 1.75 0.82 3.60 2.00 ... ... ... ... ... ... 4.83e-40 – 5.01e-16 – ...
–
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Table 2—Continued
Ch. IR a RA Dec Src.b Off Net σNet NH NH,l NH,u kT kTl kTu Abs. FX Abs. σFX FX
c σFX Var.
d
ID src? Sig. Axis 1022 1022 1022 ergs ergs ergs ergs
(J2000) (J2000) deg. Cnts Cnts cm−2 cm−2 cm−2 keV keV keV cm−2s−1 cm−2s−1 cm−2s−1 cm−2s−1
133 ... 18h30m43.3733s -2d01m06.6439s 3.68 10.54 42.59 11.53 ... ... 0.33 35.30 -26.40 26.40 9.46e-15 7.61e-15 9.46e-15 7.46e-15 ...
134 ... 18h29m38.6738s -1d58m56.7706s 3.13 6.30 32.76 10.38 15.27 -9.39 9.39 4.70 -3.53 3.53 1.03e-14 6.99e-15 4.71e-14 7.76e-15 ...
135 ... 18h30m31.6859s -1d57m31.4502s 2.51 8.70 38.31 15.19 ... ... ... 12.16 ... ... 1.10e-14 7.90e-15 1.10e-14 7.92e-15 ...
136 ... 18h30m04.4316s -1d56m34.11s 1.97 5.25 8.00 4.04 ... ... ... ... ... ... 1.30e-16 – 1.50e-06 – ...
137 IR 18h29m47.1486s -2d04m48.748s 1.65 4.67 8.27 4.96 ... ... ... ... ... ... 2.45e-16 – 7.21e-06 – ...
138 ... 18h29m51.2845s -2d04m35.6481s 2.02 3.78 9.18 4.52 ... ... ... ... ... ... 3.49e-16 – 7.20e-06 – ...
139 ... 18h30m49.1816s -2d00m50.7276s 3.40 12.01 27.86 8.13 ... ... ... ... ... ... 2.98e-14 – 6.51e-14 – ...
140 ... 18h30m02.0069s -1d58m08.6921s 2.34 3.62 8.25 3.48 ... ... ... ... ... ... 1.28e-16 – 6.35e-07 – ...
141 ... 18h29m58.0572s -1d56m09.9873s 0.32 5.65 1.61 4.66 ... ... ... ... ... ... 5.44e-17 – 2.20e-06 – ...
142 ... 18h29m50.6066s -1d53m52.7967s 2.75 8.31 30.99 11.22 0.14 ... ... 1.98 ... ... – – – – ...
143 ... 18h29m33.6829s -2d05m56.9181s ... 8.07 -2.56 5.28 ... ... ... ... ... ... 1.32e-32 – 1.23e-12 – ...
144 ... 18h29m06.1902s -2d05m21.7295s 8.33 14.22 177.04 21.22 2.09 ... ... 1.83 ... ... 3.72e-14 3.53e-14 1.65e-10 3.62e-14 ...
145 ... 18h29m34.9138s -2d00m48.8887s 0.23 6.65 1.85 7.62 ... ... ... ... ... ... 1.32e-32 – 1.23e-12 – ...
146 ... 18h29m35.7287s -1d59m56.8803s 1.07 6.63 8.99 7.95 ... ... ... ... ... ... 1.32e-32 – 1.23e-12 – ...
147 ... 18h30m35.7278s -1d57m23.1601s 0.75 9.66 3.75 4.58 ... ... ... ... ... ... 1.32e-32 – 1.23e-12 – ...
148 ... 18h30m11.0929s -1d57m09.2027s 0.41 5.22 2.86 6.60 ... ... ... ... ... ... 3.53e-22 – 4.89e-08 – ...
149 ... 18h29m47.2713s -1d55m57.6544s 2.92 6.77 26.94 9.17 ... ... ... ... ... ... 2.64e-16 – 4.63e-06 – ...
150 ... 18h28m52.3302s -2d07m35.0894s 4.76 18.18 40.81 8.55 0.13 -0.03 0.03 1.54 ... ... 2.02e-14 2.10e-14 2.78e-14 2.10e-14 ...
151 ... 18h29m01.1408s -2d03m28.3032s 5.67 15.12 82.92 14.60 0.94 -0.55 0.55 64.00 -43.64 43.64 4.31e-14 4.10e-14 8.41e-14 4.17e-14 ...
152 IR 18h30m45.2485s -2d00m09.7315s 3.48 11.11 27.69 7.92 ... ... ... ... ... ... 5.85e-15 – 7.53e-15 – ...
aIR src: X-ray source has IR counterpart.
bSrc. Sig.: Source Significance.
cFx: corrected unabsorbed flux
dVar: indicates source is X-ray variable (V) or possibly/weakly variable (wV).
–
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Table 3. Infrared Photometry of X-ray Detections in Serpens South
Ch. J unc. J H unc. H K unc. K 3.6 unc. 3.6 4.5 unc. 4.5 5.8 unc. 5.8 8.0 unc. 8.0 24 unc. 24 AK ClassSED ClassColor
ID mag mag mag mag mag mag mag mag mag mag mag mag mag mag mag mag mag
1 14.24 0.07 12.48 0.05 11.46 0.05 9.84 0.00 9.32 0.00 8.94 0.00 8.30 0.01 ... ... 1.01914 II 2
2 ... ... 13.71 0.04 11.77 0.03 9.96 0.00 9.26 0.00 8.67 0.00 7.92 0.00 5.33 0.01 2.10828 II 2
5 ... ... 14.72 0.07 12.66 0.03 11.06 0.00 10.53 0.00 10.20 0.01 9.73 0.02 6.14 0.03 2.93035 II 2
6 14.26 0.03 12.96 0.03 12.39 0.03 11.75 0.00 11.46 0.00 10.97 0.01 10.21 0.02 7.46 0.10 0.710205 II 2
8 ... ... ... ... 13.49 0.06 10.94 0.01 9.83 0.00 8.83 0.00 8.04 0.00 5.73 0.03 ... FS 2
9 15.40 0.07 12.98 0.03 11.93 0.03 11.21 0.01 11.08 0.01 10.92 0.01 10.91 0.04 ... ... 1.90737 III 99
10 ... ... ... ... ... ... 12.70 0.01 10.93 0.00 9.99 0.01 9.42 0.02 5.92 0.02 ... FS 1
13 ... ... ... ... ... ... 10.34 0.03 9.27 0.06 8.43 0.04 7.54 0.03 ... ... ... I 1
16 ... ... ... ... ... ... 16.21 0.27 13.49 0.07 11.91 0.12 11.29 0.05 ... ... ... I -100
17 ... ... 14.35 0.06 11.56 0.03 9.11 0.00 8.19 0.00 7.44 0.00 6.96 0.00 4.14 0.02 3.46128 II 2
18 ... ... ... ... ... ... 14.63 0.09 13.42 0.07 12.52 0.10 12.03 0.23 ... ... ... I -100
19 ... ... ... ... ... ... 14.80 0.12 11.93 0.03 11.10 0.02 10.46 0.03 ... ... ... I 9
20 ... ... ... ... ... ... ... ... 12.72 0.06 11.49 0.09 10.70 0.15 ... ... ... I -100
21 ... ... ... ... 13.68 0.04 12.02 0.01 11.45 0.01 10.87 0.07 10.22 0.06 5.84 0.17 ... FS 2
22 ... ... ... ... 13.98 0.08 11.09 0.01 10.05 0.01 9.20 0.01 8.60 0.00 ... ... ... I 1
23 ... ... ... ... ... ... 12.40 0.03 11.11 0.03 10.44 0.10 9.81 0.10 ... ... ... I 2
24 ... ... 15.79 0.18 13.43 0.06 11.68 0.02 10.68 0.01 9.80 0.02 8.76 0.02 ... ... 2.15916 FS 1
25 ... ... ... ... 13.73 0.08 10.54 0.01 9.33 0.01 8.39 0.01 7.81 0.01 3.45 0.02 ... I 1
26 ... ... ... ... ... ... 12.51 0.07 11.14 0.05 10.17 0.16 8.86 0.10 ... ... ... I 1
28 ... ... 15.14 0.09 9.95 0.02 6.19 0.00 5.00 0.00 4.05 0.00 3.39 0.00 0.61 0.01 8.34302 II 2
30 ... ... ... ... 13.30 0.07 10.63 0.01 9.64 0.02 8.81 0.04 ... ... ... ... ... I -100
31 15.54 0.07 14.90 0.07 14.44 0.10 14.20 0.02 14.00 0.03 14.15 0.12 14.44 0.69 ... ... ... III -100
32 ... ... ... ... ... ... 14.40 0.02 11.90 0.00 10.78 0.01 9.99 0.02 6.51 0.05 ... I 1
33 ... ... 15.38 0.10 13.07 0.04 11.27 0.01 10.51 0.01 9.95 0.02 9.47 0.05 ... ... 2.79502 II 2
34 ... ... ... ... 14.70 0.12 13.74 0.01 13.47 0.01 13.29 0.06 13.02 0.18 ... ... ... III 99
35 ... ... ... ... ... ... ... ... 13.76 0.02 12.22 0.04 11.44 0.08 ... ... ... UNK -100
36 ... ... ... ... ... ... 13.14 0.01 11.56 0.01 10.59 0.01 9.98 0.01 5.21 0.02 ... I 1
37 ... ... 15.75 0.14 12.66 0.04 10.37 0.01 9.42 0.01 8.64 0.01 7.94 0.03 ... ... 4.05714 II 1
38 ... ... ... ... 14.38 0.09 11.87 0.00 10.66 0.00 10.06 0.01 9.38 0.01 6.38 0.05 ... FS 2
39 16.09 0.12 15.53 0.12 15.05 0.17 14.94 0.03 14.80 0.05 15.15 0.26 ... ... ... ... ... III -100
41 12.42 0.02 11.88 0.02 11.70 0.03 11.59 0.01 11.63 0.01 11.55 0.02 11.64 0.03 ... ... ... III 99
42 14.14 0.03 13.39 0.04 13.03 0.03 12.84 0.01 12.85 0.01 12.81 0.04 12.62 0.14 ... ... 0.0312517 III 99
44 14.57 0.04 12.37 0.03 11.14 0.03 9.90 0.00 9.48 0.00 9.07 0.00 8.62 0.00 6.02 0.02 1.52159 II 2
45 11.04 0.02 10.42 0.03 10.31 0.02 10.25 0.00 10.31 0.00 10.29 0.01 10.22 0.01 ... ... 0.0189474 III 99
–
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Table 3—Continued
Ch. J unc. J H unc. H K unc. K 3.6 unc. 3.6 4.5 unc. 4.5 5.8 unc. 5.8 8.0 unc. 8.0 24 unc. 24 AK ClassSED ClassColor
ID mag mag mag mag mag mag mag mag mag mag mag mag mag mag mag mag mag
46 ... ... ... ... ... ... 13.53 0.01 12.04 0.01 10.92 0.01 9.98 0.01 6.42 0.02 ... I 1
47 14.42 0.04 11.73 0.03 10.20 0.03 8.69 0.00 8.14 0.00 7.63 0.00 7.03 0.00 4.62 0.01 2.03965 II 2
48 ... ... ... ... 14.09 0.07 12.00 0.00 10.91 0.00 9.92 0.01 8.97 0.01 5.00 0.01 ... I 1
52 ... ... ... ... ... ... 10.58 0.01 10.35 0.01 9.62 0.01 9.15 0.01 6.08 0.02 ... II 2
53 15.71 0.08 13.56 0.03 12.65 0.03 12.01 0.01 11.86 0.01 11.66 0.01 11.62 0.04 ... ... 1.62842 III 99
54 15.59 0.08 14.90 0.07 14.31 0.07 14.20 0.02 14.09 0.03 14.28 0.12 ... ... ... ... ... III 99
55 ... ... ... ... ... ... 10.04 0.02 7.86 0.01 6.39 0.00 5.43 0.00 2.26 0.02 ... I 1
58 12.89 0.03 12.09 0.03 11.87 0.03 11.69 0.01 11.64 0.01 11.50 0.02 11.61 0.04 ... ... 0.212631 III 99
59 14.80 0.05 11.80 0.03 9.84 0.02 7.94 0.00 6.95 0.00 6.08 0.00 5.03 0.00 1.73 0.00 2.12551 FS 1
60 14.12 0.04 12.31 0.03 11.58 0.03 11.06 0.00 10.99 0.00 10.87 0.01 10.81 0.01 ... ... 1.27158 III 99
61 ... ... ... ... ... ... 16.06 0.07 15.94 0.10 ... ... ... ... ... ... ... UNK -100
62 11.91 0.03 11.47 0.03 11.36 0.03 11.25 0.00 11.26 0.01 11.18 0.01 11.12 0.03 ... ... ... III 99
67 ... ... ... ... ... ... ... ... 16.42 0.14 14.56 0.21 13.48 0.21 ... ... ... I -100
69 ... ... ... ... 14.88 0.12 11.82 0.00 10.61 0.00 9.95 0.00 9.10 0.01 5.87 0.02 ... I 2
70 ... ... 13.18 0.04 11.96 0.04 10.93 0.00 10.54 0.00 10.21 0.01 9.71 0.01 6.77 0.05 1.36291 II 2
71 16.43 0.14 13.68 0.03 12.36 0.03 11.12 0.00 10.57 0.00 10.22 0.01 9.65 0.04 6.88 0.09 2.25789 II 2
74 8.93 0.02 8.66 0.02 8.56 0.02 8.53 0.00 8.51 0.00 8.44 0.00 8.45 0.00 8.48 0.08 ... III 99
78 ... ... ... ... ... ... 9.78 0.01 8.69 0.02 7.83 0.03 7.35 0.10 ... ... ... I 1
82 ... ... 15.63 0.13 12.33 0.03 9.61 0.00 8.83 0.00 8.19 0.00 7.77 0.00 5.02 0.02 5.13861 II 2
86 ... ... ... ... ... ... 15.91 0.21 15.82 0.19 14.65 0.36 ... ... ... ... ... UNK -100
94 ... ... 14.11 0.04 12.10 0.03 10.87 0.00 10.56 0.00 10.23 0.01 10.22 0.01 ... ... 3.30364 III 99
95 ... ... ... ... 13.49 0.04 11.69 0.00 11.10 0.00 10.75 0.01 10.78 0.02 ... ... ... II 99
98 ... ... 14.70 0.08 11.24 0.03 8.27 0.00 6.76 0.00 5.50 0.00 4.29 0.00 0.58 0.00 3.16491 I 1
101 ... ... 14.91 0.08 13.31 0.05 12.42 0.01 12.28 0.01 12.06 0.02 12.12 0.06 ... ... 2.54364 III 99
103 12.64 0.02 12.04 0.03 11.82 0.03 11.54 0.01 11.47 0.01 11.41 0.01 11.50 0.05 ... ... ... III 99
107 ... ... ... ... 14.98 0.14 13.91 0.02 13.62 0.01 13.18 0.05 12.86 0.10 ... ... ... II 2
111 12.16 0.03 11.54 0.03 11.34 0.03 11.18 0.00 11.18 0.00 11.10 0.01 11.01 0.02 ... ... ... III 99
113 ... ... 14.27 0.06 12.67 0.04 11.67 0.00 11.43 0.00 11.16 0.01 11.18 0.05 ... ... 2.54546 III 99
123 ... ... ... ... ... ... 13.39 0.01 12.30 0.01 11.50 0.02 10.76 0.05 7.22 0.08 ... I 1
128 ... ... ... ... ... ... 15.92 0.07 14.90 0.05 13.76 0.14 12.89 0.34 ... ... ... I -100
137 ... ... ... ... ... ... ... ... ... ... ... ... 15.95 1.91 ... ... ... UNK -100
152 ... ... ... ... ... ... 15.61 0.15 15.59 0.19 ... ... ... ... ... ... ... UNK -100
– 36 –
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Table 4. IR Properties of identified YSOs in Serpens South IR-field
IRAC RA Dec J unc. J H unc. H K unc. K 3.6 unc. 3.6 4.5 unc. 4.5 5.8 unc. 5.8 8.0 unc. 8.0 24 unc. 24 AK ClassColor
ID (J2000) (J2000) mag mag mag mag mag mag mag mag mag mag mag mag mag mag mag mag mag
1 18h29m15.168s -2d13m09.1286s 16.09 0.11 14.43 0.05 13.48 0.04 12.67 0.01 12.21 0.01 12.01 0.02 11.60 0.03 9.03 0.08 0.931442 2
2 18h29m26.4168s -2d12m30.7631s 16.30 0.15 14.70 0.06 13.93 0.07 13.08 0.01 12.83 0.01 12.61 0.03 12.23 0.04 ... ... 1.01858 2
3 18h29m14.0184s -2d12m13.329s 15.58 0.07 14.05 0.03 13.19 0.03 12.41 0.01 12.06 0.01 11.81 0.02 11.55 0.03 7.15 0.02 0.803549 3
4 18h29m30.4608s -2d11m56.9324s ... ... 15.89 0.17 14.93 0.16 13.59 0.01 13.17 0.01 12.67 0.04 11.86 0.03 8.68 0.05 0.629381 2
5 18h29m27.1512s -2d11m26.8501s 14.48 0.04 12.45 0.02 11.47 0.03 10.48 0.00 10.14 0.00 9.74 0.00 9.28 0.00 6.74 0.02 1.48406 2
6 18h29m43.9704s -2d12m55.4202s ... ... ... ... ... ... 14.20 0.03 12.61 0.01 12.26 0.04 12.28 0.08 4.00 0.00 ... 0
7 18h30m17.7168s -2d12m11.646s 10.47 0.02 7.69 0.05 6.03 0.02 5.21 0.00 4.73 0.00 4.09 0.00 3.96 0.00 2.69 0.00 2.05261 2
8 18h30m18.36s -2d11m51.4903s 15.01 0.04 13.07 0.03 12.16 0.03 11.26 0.01 10.86 0.01 10.47 0.05 9.89 0.03 7.23 0.05 1.4001 2
9 18h30m13.1328s -2d11m12.8119s 16.25 0.12 13.26 0.03 11.64 0.03 10.43 0.00 9.95 0.00 9.38 0.00 8.79 0.01 6.38 0.03 2.4206 2
10 18h30m24.1296s -2d15m23.9249s ... ... 15.43 0.12 13.84 0.06 12.23 0.01 11.66 0.01 11.01 0.01 10.20 0.01 ... ... 1.64381 2
11 18h30m23.8992s -2d15m23.9076s ... ... ... ... ... ... 13.34 0.01 12.36 0.01 11.28 0.01 10.24 0.01 6.61 0.02 ... 1
12 18h30m30.8064s -2d14m21.4886s 15.30 0.07 13.20 0.03 11.96 0.03 10.67 0.00 10.24 0.00 9.94 0.01 9.27 0.01 6.48 0.04 1.36986 2
13 18h30m37.6512s -2d14m19.1987s ... ... 15.59 0.12 13.91 0.05 12.06 0.00 11.35 0.00 10.83 0.01 10.32 0.04 7.69 0.08 1.44753 2
14 18h30m28.0296s -2d14m00.4693s 14.60 0.05 12.71 0.04 11.78 0.03 10.96 0.00 10.69 0.00 10.33 0.01 9.53 0.01 5.95 0.02 1.31265 2
15 18h30m21.084s -2d13m23.2129s 16.17 0.12 14.23 0.04 13.11 0.04 12.04 0.00 11.66 0.00 11.32 0.01 10.85 0.03 8.24 0.05 1.21841 2
16 18h30m23.8776s -2d12m41.3845s 16.38 0.15 13.90 0.04 12.06 0.04 10.02 0.00 9.36 0.00 8.77 0.00 8.09 0.01 6.20 0.03 1.41081 2
17 18h30m20.9736s -2d12m07.1446s ... ... ... ... ... ... 13.97 0.02 13.46 0.02 12.74 0.16 12.36 0.10 ... ... ... 2
18 18h30m26.4s -2d11m49.7249s 16.27 0.14 13.79 0.04 12.44 0.03 11.07 0.01 10.51 0.01 10.10 0.01 9.40 0.03 ... ... 1.87531 2
19 18h30m25.92s -2d11m42.1717s ... ... 15.17 0.09 11.90 0.03 8.89 0.00 7.77 0.00 6.84 0.00 6.07 0.00 2.76 0.01 3.94461 1
20 18h30m31.5432s -2d11m36.3329s ... ... 15.72 0.14 14.47 0.09 13.18 0.01 12.77 0.01 12.45 0.05 12.04 0.11 ... ... 1.37467 2
21 18h30m27.8808s -2d11m28.4809s ... ... ... ... ... ... 13.79 0.01 12.78 0.01 12.16 0.06 11.80 0.11 ... ... ... 2
22 18h30m21.6648s -2d11m26.9005s ... ... ... ... ... ... 13.91 0.02 13.33 0.02 12.83 0.04 12.31 0.11 ... ... ... 2
23 18h30m33.2472s -2d11m25.8835s ... ... 14.74 0.06 12.30 0.03 10.33 0.00 9.64 0.00 8.99 0.00 8.20 0.00 5.16 0.02 3.34986 2
24 18h30m28.5744s -2d11m25.3064s 17.10 0.27 13.73 0.04 11.89 0.03 10.73 0.00 10.40 0.00 10.04 0.01 9.74 0.01 8.64 0.53 2.99818 2
25 18h30m23.4768s -2d11m18.9888s ... ... ... ... ... ... 14.21 0.02 13.06 0.01 12.35 0.05 11.81 0.07 ... ... ... 1
26 18h30m23.9136s -2d11m18.3307s ... ... ... ... ... ... 13.75 0.01 13.18 0.01 12.67 0.04 12.14 0.09 ... ... ... 2
27 18h30m29.5512s -2d11m15.1523s ... ... 15.80 0.15 14.23 0.09 12.60 0.01 11.98 0.01 11.47 0.03 10.91 0.06 7.34 0.08 1.47266 2
28 18h30m25.7784s -2d11m15.2617s ... ... ... ... 14.03 0.07 10.07 0.00 8.81 0.00 7.76 0.00 7.02 0.00 3.62 0.03 ... 1
29 18h30m27.1248s -2d11m13.7915s ... ... 16.03 0.18 14.16 0.09 12.94 0.01 12.25 0.01 11.62 0.07 10.91 0.08 ... ... 1.96334 2
30 18h30m21.2832s -2d11m12.3745s ... ... ... ... ... ... 12.74 0.01 11.59 0.01 10.81 0.01 ... 0.03 6.09 0.03 ... 1
31 18h30m37.1832s -2d11m05.0233s ... ... ... ... ... ... 14.61 0.03 14.33 0.03 13.90 0.13 12.54 0.20 ... ... ... 2
32 18h30m25.116s -2d11m01.6814s ... ... 15.21 0.10 13.70 0.06 11.86 0.01 11.30 0.01 10.68 0.02 10.40 0.05 ... ... 1.50728 2
33 18h30m27.2784s -2d11m00.2494s ... ... ... ... 11.48 0.04 8.35 0.00 7.39 0.00 6.62 0.00 6.05 0.00 ... ... ... 1
34 18h30m27.1176s -2d10m56.4215s ... ... ... ... 12.06 0.04 8.89 0.01 7.87 0.00 6.96 0.00 6.15 0.00 ... ... ... 1
–
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35 18h30m25.2816s -2d10m52.7095s ... ... 16.18 0.20 13.81 0.06 11.99 0.02 11.43 0.03 11.06 0.05 10.49 0.06 ... ... ... 2
36 18h30m43.8096s -2d14m17.9419s 15.93 0.09 13.71 0.03 12.41 0.03 10.92 0.00 10.38 0.00 10.03 0.01 9.90 0.04 7.32 0.12 1.48168 3
37 18h30m49.584s -2d11m17.6298s 16.07 0.11 14.62 0.06 13.67 0.05 13.03 0.01 12.59 0.01 12.29 0.05 11.51 0.06 7.90 0.12 0.611824 2
38 18h30m55.7472s -2d14m28.3376s ... ... ... ... 14.85 0.12 13.46 0.01 13.19 0.01 12.81 0.06 12.13 0.18 ... ... ... 2
39 18h31m02.412s -2d13m34.9111s ... ... ... ... 14.68 0.12 13.57 0.02 13.34 0.02 12.89 0.07 12.31 0.15 ... ... ... 2
40 18h30m58.5024s -2d12m24.3389s 13.51 0.03 10.18 0.03 8.48 0.02 7.02 0.00 6.57 0.00 5.91 0.00 5.17 0.00 2.40 0.00 2.87474 2
41 18h28m59.244s -2d07m39.634s 15.90 0.11 14.67 0.07 13.89 0.07 12.91 0.01 12.46 0.01 12.00 0.02 11.38 0.03 ... ... 0.391379 2
42 18h28m59.196s -2d07m35.2834s 15.25 0.07 14.05 0.07 13.34 0.07 12.47 0.01 12.06 0.01 11.69 0.01 11.24 0.02 ... ... 0.425042 2
43 18h29m00.9576s -2d06m58.3474s 16.38 0.14 15.25 0.09 14.41 0.10 13.49 0.01 13.03 0.01 12.52 0.03 11.86 0.04 8.82 0.07 0.201206 2
44 18h28m50.4984s -2d06m28.075s 16.78 0.19 15.74 0.15 14.87 0.13 13.84 0.04 13.38 0.02 12.88 0.03 12.34 0.05 9.71 0.31 0.0280822 2
45 18h28m59.7024s -2d05m08.8289s 15.81 0.09 13.49 0.04 12.20 0.03 10.88 0.00 10.34 0.00 9.99 0.01 9.49 0.00 6.06 0.02 1.67848 2
46 18h29m04.044s -2d09m28.584s 12.60 0.03 11.38 0.03 10.66 0.03 9.89 0.00 9.57 0.00 9.20 0.00 8.72 0.00 6.53 0.03 0.459557 2
47 18h29m04.4592s -2d09m15.0314s 14.36 0.04 13.19 0.04 12.49 0.03 11.74 0.01 11.51 0.01 11.05 0.02 10.11 0.01 7.40 0.03 0.3826 2
48 18h29m08.436s -2d07m04.0998s ... ... 14.69 0.06 12.36 0.03 10.29 0.00 9.49 0.00 8.94 0.00 8.41 0.00 5.68 0.02 2.71633 2
49 18h29m03.4704s -2d06m56.7169s 14.43 0.04 13.13 0.03 12.49 0.03 11.88 0.01 11.61 0.01 11.22 0.01 10.65 0.01 7.69 0.03 0.636513 2
50 18h29m04.0776s -2d06m54.4136s ... ... 13.95 0.05 12.47 0.03 11.56 0.00 11.31 0.00 11.06 0.01 11.01 0.02 8.79 0.11 2.31818 3
51 18h29m06.2448s -2d06m28.3046s ... ... ... ... ... ... 14.79 0.02 13.39 0.01 12.62 0.03 12.50 0.08 ... ... ... 1
52 18h29m08.1672s -2d05m38.589s ... ... 15.52 0.13 12.84 0.04 10.07 0.00 9.13 0.00 8.44 0.00 7.77 0.00 ... ... 3.10484 2
53 18h29m07.164s -2d05m20.8219s ... ... ... ... ... ... 12.69 0.01 11.89 0.00 11.16 0.01 11.14 0.02 ... ... ... 1
54 18h29m06.264s -2d05m18.9247s 15.33 0.07 12.85 0.04 11.58 0.03 10.77 0.00 10.58 0.00 10.35 0.01 10.34 0.02 7.26 0.10 1.93832 3
55 18h29m03.3168s -2d04m53.0872s 14.26 0.03 12.96 0.03 12.39 0.03 11.75 0.00 11.46 0.00 10.97 0.01 10.21 0.02 7.46 0.10 0.710205 2
56 18h29m08.4816s -2d04m30.6127s 14.96 0.05 13.16 0.03 12.14 0.03 11.01 0.00 10.52 0.00 9.95 0.01 9.14 0.03 ... ... 1.10241 2
57 18h29m03.3864s -2d03m59.6934s 15.68 0.08 13.87 0.04 12.66 0.04 11.43 0.01 10.81 0.01 10.50 0.01 9.94 0.02 6.91 0.15 0.920316 2
58 18h29m04.2912s -2d03m54.5281s 15.69 0.08 14.12 0.04 13.01 0.04 11.76 0.02 11.29 0.01 10.94 0.03 10.39 0.04 ... ... 0.645832 2
59 18h29m09.3504s -2d03m50.3989s 11.61 0.02 9.93 0.03 8.84 0.03 7.39 0.00 6.86 0.00 6.38 0.00 5.38 0.01 2.96 0.02 0.829193 2
60 18h29m03.5904s -2d03m48.1194s 15.09 0.07 13.13 0.03 12.13 0.03 11.13 0.01 10.70 0.00 10.26 0.02 9.47 0.01 6.21 0.04 1.35975 2
61 18h29m08.844s -2d03m30.5291s 16.46 0.15 14.83 0.06 13.93 0.05 12.75 0.04 12.34 0.04 11.91 0.43 11.00 0.78 ... ... 0.927511 2
62 18h29m15.9168s -2d08m37.6285s 14.24 0.07 12.48 0.05 11.46 0.05 9.84 0.00 9.32 0.00 8.94 0.00 8.30 0.01 ... ... 1.01914 2
63 18h29m16.1928s -2d08m37.1972s 14.41 0.04 12.82 0.03 12.01 0.03 11.40 0.01 11.12 0.01 10.67 0.01 10.10 0.01 ... ... 0.953027 2
64 18h29m25.14s -2d06m44.01s 16.90 0.22 14.90 0.08 13.88 0.07 12.98 0.01 12.55 0.01 12.16 0.02 11.39 0.03 ... ... 0.775435 2
65 18h29m33.7632s -2d06m38.389s 14.37 0.04 12.65 0.03 11.86 0.03 10.40 0.00 9.86 0.00 9.33 0.00 8.68 0.00 6.08 0.02 1.18 2
66 18h29m14.0832s -2d06m38.3861s 15.01 0.05 13.06 0.03 12.06 0.03 11.31 0.00 10.95 0.00 10.50 0.01 9.57 0.01 6.04 0.03 1.34891 2
67 18h29m19.0152s -2d06m31.5842s 14.97 0.06 13.18 0.05 12.25 0.03 11.41 0.00 11.02 0.00 10.57 0.01 9.89 0.01 6.59 0.03 1.16219 2
68 18h29m18.6888s -2d05m50.1392s 15.44 0.06 13.56 0.04 12.48 0.04 11.57 0.00 11.08 0.00 10.66 0.01 10.06 0.02 7.59 0.12 1.16311 2
–
39
–
Table 4—Continued
IRAC RA Dec J unc. J H unc. H K unc. K 3.6 unc. 3.6 4.5 unc. 4.5 5.8 unc. 5.8 8.0 unc. 8.0 24 unc. 24 AK ClassColor
ID (J2000) (J2000) mag mag mag mag mag mag mag mag mag mag mag mag mag mag mag mag mag
69 18h29m12.6696s -2d05m47.1224s ... ... ... ... ... ... 15.44 0.05 14.70 0.04 13.91 0.11 12.19 0.12 7.00 0.05 ... 1
70 18h29m27.7272s -2d05m31.5647s 14.62 0.04 12.25 0.03 10.71 0.02 9.15 0.00 8.54 0.00 8.03 0.00 7.24 0.00 4.46 0.00 1.52082 2
71 18h29m16.1592s -2d05m14.9147s 14.95 0.05 13.06 0.03 12.07 0.03 11.11 0.00 10.69 0.00 10.26 0.01 9.59 0.03 6.50 0.09 1.25826 2
72 18h29m13.176s -2d05m00.4452s 14.95 0.05 13.05 0.04 11.92 0.04 10.85 0.00 10.33 0.00 9.78 0.01 8.97 0.03 5.66 0.09 1.15125 2
73 18h29m11.28s -2d04m51.7069s ... ... 15.02 0.09 13.38 0.04 12.05 0.02 11.51 0.01 10.87 0.07 10.29 0.19 ... ... 1.89779 2
74 18h29m15.6s -2d04m50.3918s 13.50 0.04 11.08 0.03 9.65 0.03 8.68 0.00 8.33 0.00 8.05 0.00 7.84 0.01 5.09 0.02 1.71011 3
75 18h29m11.2728s -2d04m42.1252s ... ... ... ... 13.61 0.05 11.09 0.01 10.59 0.01 10.04 0.03 9.64 0.12 ... ... ... 2
76 18h29m21.8856s -2d04m31.5289s 16.27 0.12 14.65 0.06 13.83 0.08 13.02 0.03 12.70 0.02 12.42 0.03 11.97 0.06 8.81 0.21 0.979111 2
77 18h29m11.1864s -2d04m30.7621s 15.83 0.08 13.16 0.03 11.25 0.03 8.49 0.00 7.70 0.00 6.91 0.00 6.03 0.01 2.41 0.02 1.65616 1
78 18h29m12.816s -2d04m23.9858s 13.22 0.03 11.17 0.03 10.11 0.03 9.10 0.00 8.65 0.00 8.13 0.00 7.50 0.01 5.52 0.13 1.43788 2
79 18h29m28.0632s -2d04m04.7201s 16.02 0.17 13.67 0.17 12.83 0.14 12.60 0.04 12.55 0.04 12.19 0.04 12.16 0.08 7.71 0.07 1.84421 3
80 18h29m27.4608s -2d03m56.097s 15.14 0.08 13.46 0.06 12.71 0.06 11.96 0.01 11.62 0.03 11.38 0.03 10.80 0.03 7.15 0.05 1.13895 2
81 18h29m12.8376s -2d03m50.5339s ... ... 14.25 0.05 11.18 0.03 8.39 0.00 7.13 0.00 6.06 0.00 4.89 0.01 ... ... 3.05321 1
82 18h29m16.6344s -2d03m39.7742s ... ... ... ... ... ... 12.80 0.02 11.92 0.01 11.20 0.06 10.38 0.13 6.28 0.14 ... 1
83 18h29m37.3992s -2d08m50.7782s 16.92 0.24 15.26 0.09 14.38 0.11 13.42 0.02 13.03 0.01 12.66 0.03 12.03 0.03 9.39 0.09 0.569007 2
84 18h30m01.356s -2d10m25.6667s ... ... 15.14 0.11 11.49 0.03 7.32 0.00 5.59 0.00 4.21 0.00 3.05 0.00 ... ... 2.94652 1
85 18h29m52.4976s -2d09m57.0834s ... ... ... ... ... ... 14.24 0.02 13.91 0.02 13.73 0.10 13.15 0.19 ... ... ... 2
86 18h29m45.6384s -2d08m45.2242s 16.77 0.18 14.81 0.07 13.80 0.06 12.91 0.01 12.53 0.01 12.16 0.02 11.70 0.04 9.09 0.10 1.34438 2
87 18h29m36.3144s -2d08m41.5763s 15.48 0.07 14.13 0.04 13.37 0.04 12.69 0.01 12.41 0.01 12.12 0.02 11.59 0.02 8.55 0.05 0.608114 2
88 18h29m41.1s -2d08m29.9126s 15.35 0.07 13.56 0.03 12.54 0.03 12.03 0.01 11.85 0.01 11.58 0.01 11.18 0.04 7.47 0.03 1.06802 2
89 18h29m38.256s -2d07m35.0789s ... ... ... ... ... ... 14.51 0.03 14.17 0.03 13.79 0.08 12.98 0.07 ... ... ... 2
90 18h29m37.5s -2d06m58.3888s 15.77 0.09 14.23 0.04 13.53 0.05 12.50 0.01 12.11 0.01 11.78 0.02 11.23 0.03 8.77 0.30 0.977148 2
91 18h29m36.6864s -2d06m53.897s 14.07 0.04 12.55 0.03 11.90 0.03 11.39 0.00 11.06 0.00 10.42 0.01 9.21 0.00 5.92 0.02 0.969473 2
92 18h29m36.996s -2d03m25.29s ... ... 13.18 0.04 11.96 0.04 10.93 0.00 10.54 0.00 10.21 0.01 9.71 0.01 6.77 0.05 1.36291 2
93 18h29m54.3912s -2d07m55.6993s ... ... ... ... ... ... 14.15 0.02 13.77 0.02 13.47 0.06 12.96 0.10 ... ... ... 2
94 18h29m46.9104s -2d07m39.684s ... ... ... ... ... ... 14.48 0.02 14.23 0.02 13.91 0.06 13.54 0.14 ... ... ... 2
95 18h30m04.5816s -2d06m39.4841s ... ... 16.44 0.26 14.93 0.14 13.00 0.01 12.43 0.01 12.02 0.03 11.55 0.05 7.91 0.07 ... 2
96 18h30m01.3128s -2d06m09.9842s ... ... 15.16 0.13 13.39 0.08 12.14 0.04 11.37 0.03 10.72 0.02 9.75 0.02 ... ... 1.44661 2
97 18h30m01.0536s -2d06m08.7624s ... ... 14.52 0.12 12.64 0.08 11.21 0.02 9.95 0.01 9.09 0.01 8.22 0.01 3.12 0.00 0.177187 1
98 18h29m49.3776s -2d05m58.3343s ... ... ... ... ... ... 14.23 0.04 13.79 0.03 13.70 0.17 12.77 0.08 ... ... ... 2
99 18h29m56.724s -2d05m51.2002s 10.43 0.02 7.09 0.04 5.42 0.02 5.04 0.00 4.66 0.00 3.86 0.00 3.71 0.00 2.42 0.00 2.88316 2
100 18h30m03.1512s -2d05m15.0212s ... ... 14.72 0.07 12.66 0.03 11.06 0.00 10.53 0.00 10.20 0.01 9.73 0.02 6.14 0.03 2.93035 2
101 18h29m48.5424s -2d05m05.0777s ... ... ... ... ... ... 14.45 0.02 14.11 0.02 13.61 0.09 13.05 0.16 ... ... ... 2
102 18h30m03.588s -2d04m29.1684s ... ... ... ... ... ... 15.96 0.12 13.73 0.04 12.46 0.05 11.69 0.07 7.53 0.18 ... 1
–
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103 18h30m02.448s -2d04m22.6664s ... ... ... ... ... ... 15.70 0.09 14.40 0.09 13.61 0.10 12.60 0.18 ... ... ... 1
104 18h29m55.3872s -2d04m16.4986s ... ... 16.02 0.19 14.93 0.15 13.21 0.02 12.62 0.01 12.26 0.04 11.63 0.04 ... ... 0.393773 2
105 18h30m04.464s -2d04m15.8538s ... ... ... ... 13.49 0.06 10.94 0.01 9.83 0.00 8.83 0.00 8.04 0.00 5.73 0.03 ... 2
106 18h29m46.9464s -2d04m09.7187s ... ... 16.03 0.18 14.29 0.09 13.28 0.01 12.96 0.01 12.74 0.03 12.46 0.07 8.37 0.14 2.79636 3
107 18h30m01.3152s -2d03m43.0308s ... ... 14.70 0.08 11.24 0.03 8.27 0.00 6.76 0.00 5.50 0.00 4.29 0.00 0.58 0.00 3.16491 1
108 18h30m02.9616s -2d03m42.2806s ... ... ... ... 14.50 0.10 13.08 0.02 12.45 0.03 11.87 0.08 11.24 0.06 ... ... ... 2
109 18h30m05.124s -2d03m38.8901s ... ... ... ... ... ... 14.01 0.01 13.40 0.02 12.96 0.11 12.38 0.17 ... ... ... 2
110 18h30m05.2872s -2d03m25.9758s ... ... ... ... ... ... 13.24 0.01 11.03 0.00 9.93 0.01 9.10 0.01 5.96 0.04 ... 2
111 18h30m03.2544s -2d03m27.0155s ... ... ... ... ... ... ... ... ... ... ... ... 10.41 0.04 4.40 0.04 ... 0
112 18h30m17.0016s -2d09m58.7466s ... ... ... ... ... ... 12.71 0.01 10.60 0.00 9.36 0.00 8.52 0.01 3.53 0.02 ... 1
113 18h30m17.4792s -2d09m58.4701s ... ... ... ... ... ... 12.86 0.01 11.14 0.01 9.89 0.01 9.06 0.01 3.44 0.02 ... 1
114 18h30m16.236s -2d09m28.7413s ... ... ... ... ... ... 13.25 0.01 12.38 0.01 11.76 0.02 11.36 0.04 8.89 0.27 ... 2
115 18h30m18.6744s -2d08m56.1523s ... ... ... ... ... ... 15.31 0.02 13.97 0.02 13.10 0.05 12.61 0.11 ... ... ... 1
116 18h30m25.884s -2d10m42.8531s ... ... ... ... ... ... 10.02 0.01 8.52 0.01 7.52 0.00 6.95 0.00 0.58 0.00 ... 1
117 18h30m27.0624s -2d10m39.9065s ... ... ... ... 14.31 0.08 12.05 0.02 11.58 0.02 10.97 0.04 10.68 0.07 ... ... ... 2
118 18h30m27.9576s -2d10m37.2724s ... ... 15.84 0.14 13.95 0.06 11.88 0.01 11.22 0.01 10.55 0.01 9.80 0.03 ... ... 2.11328 2
119 18h30m31.1184s -2d10m32.5096s 16.04 0.11 13.67 0.04 12.65 0.03 11.54 0.00 10.91 0.00 10.22 0.01 9.20 0.02 6.05 0.04 1.85789 2
120 18h30m24.1464s -2d10m29.6609s ... ... 16.31 0.23 14.13 0.06 12.02 0.01 11.35 0.00 10.74 0.01 9.86 0.01 5.72 0.07 ... 2
121 18h30m22.2576s -2d10m26.0051s ... ... 15.84 0.18 14.11 0.07 12.44 0.01 11.91 0.01 11.44 0.01 10.96 0.05 7.55 0.06 2.1634 2
122 18h30m24.4104s -2d10m13.2874s ... ... ... ... 15.03 0.14 13.81 0.01 13.26 0.01 12.77 0.04 12.08 0.04 ... ... ... 2
123 18h30m27.0936s -2d10m06.2468s ... ... 14.46 0.06 12.87 0.04 11.35 0.00 10.73 0.00 10.18 0.01 9.34 0.00 6.20 0.04 1.55301 2
124 18h30m24.6912s -2d10m03.7988s ... ... ... ... ... ... 13.77 0.02 13.21 0.02 12.92 0.07 12.46 0.12 ... ... ... 2
125 18h30m21.9264s -2d09m12.1158s ... ... ... ... 13.88 0.06 11.97 0.02 10.98 0.01 10.48 0.05 9.97 0.05 6.35 0.05 ... 2
126 18h30m35.1s -2d08m56.387s ... ... 15.70 0.14 14.14 0.07 12.66 0.01 12.10 0.01 11.47 0.02 10.55 0.04 7.39 0.15 1.65538 2
127 18h30m37.5096s -2d08m53.8249s ... ... 15.52 0.13 13.58 0.06 11.17 0.01 10.11 0.01 9.29 0.01 8.61 0.01 2.99 0.01 0.95202 1
128 18h30m18.7392s -2d08m12.6474s ... ... ... ... ... ... 14.88 0.02 13.76 0.01 13.07 0.04 12.41 0.08 ... ... ... 2
129 18h30m09.312s -2d07m23.403s ... ... 13.71 0.04 11.77 0.03 9.96 0.00 9.26 0.00 8.67 0.00 7.92 0.00 5.33 0.01 2.10828 2
130 18h30m15.6456s -2d07m19.8163s ... ... ... ... ... ... 13.21 0.02 12.39 0.01 12.07 0.06 11.65 0.07 4.14 0.01 ... 0
131 18h30m11.3256s -2d06m56.8735s ... ... ... ... ... ... 15.03 0.02 13.73 0.02 13.17 0.08 13.12 0.51 6.47 0.04 ... 0
132 18h30m08.7192s -2d06m10.0271s ... ... ... ... ... ... 12.66 0.01 11.63 0.01 10.76 0.01 9.90 0.03 6.22 0.03 ... 1
133 18h30m11.3592s -2d06m07.8019s ... ... ... ... ... ... 14.76 0.02 13.42 0.02 12.44 0.03 12.25 0.17 ... ... ... 1
134 18h30m11.6424s -2d06m07.2378s ... ... ... ... ... ... 13.80 0.01 12.41 0.01 11.65 0.01 11.46 0.04 ... ... ... 1
135 18h30m11.4864s -2d06m04.3736s ... ... ... ... ... ... 14.29 0.01 12.73 0.01 11.86 0.03 11.50 0.07 ... ... ... 1
136 18h30m18.0312s -2d05m43.9408s ... ... 16.22 0.21 14.34 0.09 13.55 0.01 13.36 0.01 13.07 0.08 12.67 0.17 ... ... ... 2
–
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137 18h30m10.8072s -2d03m54.7312s ... ... ... ... 14.88 0.12 11.82 0.00 10.61 0.00 9.95 0.00 9.10 0.01 5.87 0.02 ... 2
138 18h30m06.8016s -2d03m37.5386s ... ... ... ... ... ... 12.70 0.01 10.93 0.00 9.99 0.01 9.42 0.02 5.92 0.02 ... 1
139 18h30m37.6056s -2d08m40.3274s ... ... 14.08 0.05 11.22 0.03 8.46 0.00 7.45 0.00 6.67 0.00 5.92 0.00 1.76 0.01 3.33691 1
140 18h30m31.9104s -2d07m29.8236s ... ... ... ... ... ... 14.03 0.02 13.54 0.02 13.00 0.05 12.32 0.14 ... ... ... 2
141 18h30m29.0808s -2d07m20.3912s ... ... 15.09 0.10 13.53 0.06 11.64 0.01 10.77 0.00 9.95 0.01 9.08 0.02 6.37 0.06 0.681171 2
142 18h30m33.12s -2d07m05.6575s 16.33 0.13 14.16 0.05 12.94 0.04 11.39 0.01 10.71 0.00 10.13 0.01 9.35 0.02 6.10 0.04 1.50894 2
143 18h30m35.9136s -2d06m49.2732s 14.86 0.05 12.71 0.03 11.57 0.03 10.40 0.00 9.93 0.00 9.56 0.01 9.09 0.03 6.09 0.08 1.54127 2
144 18h30m24.3192s -2d06m22.793s ... ... ... ... 14.88 0.13 13.23 0.01 12.88 0.01 12.59 0.08 12.07 0.17 ... ... ... 2
145 18h30m29.6832s -2d05m33.7996s ... ... 16.39 0.23 15.01 0.15 13.48 0.01 13.04 0.01 12.63 0.05 12.20 0.15 ... ... ... 2
146 18h30m22.8s -2d04m26.8036s ... ... ... ... 15.02 0.15 13.73 0.01 13.46 0.01 13.06 0.07 12.68 0.17 ... ... ... 2
147 18h30m20.8824s -2d04m21.9482s ... ... ... ... ... ... 16.29 0.10 15.01 0.05 13.71 0.11 12.46 0.15 ... ... ... 1
148 18h30m53.532s -2d09m22.6084s ... ... ... ... ... ... 10.78 0.00 10.54 0.00 10.30 0.02 9.92 0.04 7.16 0.14 ... 2
149 18h30m44.3448s -2d09m18.3416s 16.59 0.16 14.30 0.05 13.16 0.04 11.97 0.01 11.49 0.00 11.05 0.03 10.45 0.09 ... ... 1.73876 2
150 18h30m58.452s -2d10m32.3231s 15.91 0.09 13.81 0.04 12.86 0.03 11.59 0.01 11.02 0.00 10.44 0.02 9.80 0.05 6.79 0.10 1.58105 2
151 18h31m02.7504s -2d09m59.4616s ... ... 15.08 0.08 13.29 0.04 10.50 0.00 9.70 0.00 9.04 0.01 7.89 0.02 4.89 0.03 1.42521 2
152 18h31m01.0296s -2d08m54.2234s 15.20 0.05 13.31 0.03 12.50 0.03 11.67 0.01 11.31 0.00 10.83 0.02 10.06 0.06 ... ... 1.35579 2
153 18h30m39.3744s -2d08m42.2912s ... ... 15.36 0.10 13.77 0.05 12.31 0.01 11.86 0.01 11.50 0.02 11.11 0.05 ... ... 2.06371 2
154 18h30m40.3512s -2d08m11.7935s 16.07 0.10 12.84 0.03 11.23 0.03 9.98 0.00 9.75 0.00 9.40 0.01 9.19 0.03 ... ... 2.77579 2
155 18h30m48.8304s -2d07m13.5242s ... ... 15.49 0.11 14.05 0.06 12.06 0.00 11.29 0.00 10.65 0.02 9.81 0.04 6.71 0.06 0.675089 2
156 18h30m52.0824s -2d07m11.7977s 16.19 0.11 13.57 0.04 12.10 0.03 10.97 0.01 10.50 0.00 10.25 0.02 9.80 0.08 6.82 0.18 1.98555 2
157 18h30m48.3336s -2d06m29.9214s ... ... ... ... ... ... 13.99 0.02 13.65 0.03 13.16 0.10 12.17 0.17 ... ... ... 2
158 18h30m43.044s -2d06m25.5002s ... ... 15.10 0.08 13.43 0.05 12.04 0.01 11.48 0.00 10.94 0.02 10.39 0.06 7.67 0.34 1.88827 2
159 18h30m51.4728s -2d05m54.442s ... ... 14.40 0.05 12.73 0.03 11.60 0.01 11.36 0.01 10.99 0.06 10.40 0.17 ... ... 2.67273 2
160 18h30m41.9616s -2d03m52.6741s 16.69 0.18 14.16 0.05 12.54 0.03 11.18 0.00 10.71 0.00 10.17 0.02 9.46 0.05 6.05 0.10 1.71363 2
161 18h30m58.1328s -2d08m02.5181s 14.76 0.05 12.89 0.03 12.06 0.03 11.14 0.01 10.67 0.00 10.23 0.03 9.26 0.05 5.98 0.10 1.33053 2
162 18h31m00.3984s -2d07m36.1531s 14.87 0.04 12.93 0.03 12.05 0.03 11.40 0.01 11.17 0.00 10.71 0.04 9.85 0.09 6.67 0.20 1.40842 2
163 18h31m01.9032s -2d07m08.8835s 14.74 0.04 11.60 0.03 10.10 0.03 9.03 0.00 8.84 0.00 8.33 0.01 8.01 0.03 6.77 0.50 2.67789 2
164 18h31m00.2184s -2d03m38.4314s 16.50 0.15 14.16 0.04 12.53 0.03 11.77 0.01 10.93 0.01 10.07 0.04 8.97 0.06 ... ... 1.40149 1
165 18h30m55.44s -2d03m27.9997s ... ... ... ... 10.96 0.03 9.39 0.00 8.69 0.00 7.94 0.01 7.27 0.03 4.43 0.09 ... 2
166 18h28m55.5072s -2d00m04.1522s 15.31 0.06 13.94 0.03 13.52 0.05 13.14 0.01 13.13 0.01 12.98 0.04 12.65 0.04 9.60 0.12 0.811579 3
167 18h28m54.1968s -1d59m52.9138s 13.75 0.03 12.48 0.03 11.72 0.03 10.54 0.00 10.21 0.00 9.78 0.00 9.19 0.00 5.98 0.01 0.489858 2
168 18h29m01.8168s -1d58m56.2415s 15.46 0.07 14.15 0.04 13.32 0.04 12.62 0.01 12.15 0.01 11.86 0.01 11.11 0.01 8.79 0.09 0.479303 2
169 18h28m55.9536s -1d56m57.2093s ... ... ... ... ... ... 13.50 0.01 13.12 0.01 12.90 0.04 12.61 0.06 9.75 0.12 ... 3
170 18h29m09.8712s -2d03m15.5333s 13.62 0.03 11.87 0.03 10.83 0.03 9.59 0.00 9.15 0.00 8.80 0.03 8.03 0.08 ... ... 0.996768 2
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171 18h29m08.088s -2d03m05.2574s 13.89 0.03 12.40 0.03 11.50 0.02 10.22 0.00 9.78 0.00 9.32 0.03 8.73 0.07 5.90 0.20 0.704311 2
172 18h29m09.4008s -2d02m27.731s 12.72 0.03 11.16 0.03 10.20 0.02 8.83 0.00 8.37 0.00 7.83 0.00 7.06 0.01 4.43 0.03 0.754835 2
173 18h29m08.004s -2d02m21.8044s 16.45 0.15 14.92 0.07 13.90 0.06 12.30 0.01 11.52 0.01 10.63 0.03 9.38 0.05 4.89 0.04 0.646213 1
174 18h29m07.8984s -2d01m30.2426s 15.10 0.06 13.45 0.04 12.32 0.03 11.04 0.00 10.61 0.00 10.10 0.01 9.59 0.04 6.82 0.07 0.744469 2
175 18h29m25.8504s -2d03m17.9986s ... ... ... ... ... ... 10.58 0.01 10.35 0.01 9.62 0.01 9.15 0.01 6.08 0.02 ... 2
176 18h29m18.1056s -2d02m50.3556s 17.21 0.26 14.82 0.07 13.56 0.06 12.77 0.01 12.60 0.01 12.33 0.06 11.76 0.07 ... ... 1.91637 2
177 18h29m15.5832s -2d02m47.953s 14.52 0.04 12.66 0.05 11.53 0.03 10.18 0.00 9.77 0.00 9.42 0.01 9.15 0.05 5.96 0.09 1.09563 3
178 18h29m18.144s -2d02m45.0395s 16.62 0.15 15.10 0.10 14.17 0.10 12.92 0.01 12.43 0.01 12.24 0.07 11.39 0.13 ... ... 0.718098 2
179 18h29m14.5152s -2d02m40.0762s 16.03 0.09 14.11 0.05 13.14 0.04 12.07 0.01 11.42 0.01 10.98 0.02 10.35 0.05 ... ... 1.33252 2
180 18h29m14.2296s -2d02m39.1391s 15.16 0.06 13.13 0.05 11.98 0.04 10.76 0.00 10.13 0.00 9.81 0.01 9.28 0.03 6.16 0.08 1.33306 2
181 18h29m21.6024s -2d01m50.835s ... ... ... ... 13.79 0.06 12.91 0.01 12.44 0.01 12.09 0.03 11.42 0.05 ... ... ... 2
182 18h29m17.748s -2d01m24.2198s ... ... 15.33 0.10 14.38 0.07 13.21 0.01 12.79 0.01 12.38 0.02 11.81 0.05 ... ... 0.608539 2
183 18h29m25.4568s -2d01m22.4998s 16.66 0.19 14.77 0.08 14.09 0.07 13.08 0.01 12.66 0.01 12.21 0.03 11.55 0.04 8.51 0.09 1.35684 2
184 18h29m32.8224s -2d01m03.9004s 15.53 0.08 13.69 0.04 12.78 0.04 12.11 0.01 11.85 0.01 11.68 0.01 11.12 0.02 8.23 0.04 1.24862 2
185 18h29m32.6328s -2d00m10.4764s ... ... 15.78 0.16 14.00 0.07 12.21 0.01 11.60 0.00 11.03 0.01 10.53 0.01 8.56 0.07 2.01726 2
186 18h29m13.9728s -1d59m36.713s 12.15 0.02 10.18 0.02 8.92 0.02 7.61 0.00 7.14 0.00 6.73 0.00 5.78 0.00 2.11 0.00 1.14837 2
187 18h29m33.2424s -1d58m08.49s ... ... ... ... ... ... 14.54 0.02 14.13 0.02 13.46 0.06 12.85 0.06 9.10 0.10 ... 2
188 18h29m43.0032s -2d03m17.1576s 16.27 0.14 13.64 0.04 12.01 0.03 10.11 0.00 9.62 0.00 9.19 0.00 8.78 0.00 6.52 0.02 1.84498 2
189 18h29m39.6048s -2d02m41.4402s 16.04 0.11 13.90 0.04 12.63 0.03 11.50 0.00 11.02 0.00 10.68 0.01 10.01 0.01 6.50 0.03 1.38339 2
190 18h30m02.4768s -2d03m04.424s ... ... ... ... ... ... 11.50 0.02 9.89 0.01 8.85 0.01 8.16 0.02 ... ... ... 1
191 18h30m02.772s -2d02m59.7527s ... ... ... ... ... ... 10.34 0.03 9.27 0.06 8.43 0.04 7.54 0.03 ... ... ... 1
192 18h30m02.448s -2d02m57.9894s ... ... ... ... 10.80 0.04 8.46 0.01 7.29 0.01 6.33 0.01 5.45 0.01 1.65 0.02 ... 1
193 18h30m03.3864s -2d02m45.6198s ... ... ... ... ... ... 10.94 0.01 9.60 0.01 8.47 0.01 7.72 0.01 3.29 0.04 ... 1
194 18h30m02.8512s -2d02m40.3998s ... ... ... ... ... ... 13.81 0.05 12.76 0.07 11.99 0.08 10.86 0.07 ... ... ... 1
195 18h30m03.1728s -2d02m34.8263s ... ... ... ... ... ... 13.76 0.06 12.17 0.04 11.30 0.09 10.46 0.09 ... ... ... 1
196 18h30m05.2776s -2d02m34.1671s ... ... 14.35 0.06 11.56 0.03 9.11 0.00 8.19 0.00 7.44 0.00 6.96 0.00 4.14 0.02 3.46128 2
197 18h30m05.1168s -2d02m17.9635s 16.98 0.25 15.10 0.08 13.77 0.05 12.40 0.02 11.81 0.02 11.48 0.05 10.92 0.09 ... ... 0.992319 2
198 18h30m00.5664s -2d02m11.4104s ... ... ... ... 13.98 0.08 11.09 0.01 10.05 0.01 9.20 0.01 8.60 0.00 ... ... ... 1
199 18h30m05.2272s -2d02m06.4871s ... ... ... ... ... ... 12.40 0.03 11.11 0.03 10.44 0.10 9.81 0.10 ... ... ... 2
200 18h30m00.6648s -2d02m04.6878s ... ... 15.79 0.18 13.43 0.06 11.68 0.02 10.68 0.01 9.80 0.02 8.76 0.02 ... ... 2.15916 1
201 18h30m02.2752s -2d01m59.4152s ... ... ... ... 13.73 0.08 10.54 0.01 9.33 0.01 8.39 0.01 7.81 0.01 3.45 0.02 ... 1
202 18h30m05.7816s -2d01m58.1873s ... ... ... ... ... ... 12.51 0.07 11.14 0.05 10.17 0.16 8.86 0.10 ... ... ... 1
203 18h29m59.0208s -2d01m57.4943s ... ... 16.31 0.22 14.11 0.07 12.56 0.01 11.58 0.01 10.76 0.02 9.73 0.01 5.72 0.03 ... 1
204 18h30m01.2624s -2d01m48.2772s ... ... ... ... ... ... 10.04 0.02 7.86 0.01 6.39 0.00 5.43 0.00 2.26 0.02 ... 1
–
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205 18h30m05.8104s -2d01m44.4749s ... ... 15.14 0.09 9.95 0.02 6.19 0.00 5.00 0.00 4.05 0.00 3.39 0.00 0.61 0.01 8.34302 2
206 18h30m05.1696s -2d01m41.5182s ... ... ... ... ... ... 9.78 0.01 8.69 0.02 7.83 0.03 7.35 0.10 ... ... ... 1
207 18h30m04.392s -2d01m38.3264s 16.48 0.17 14.34 0.10 12.46 0.06 9.77 0.01 8.76 0.00 7.75 0.01 6.54 0.02 3.55 0.03 0.822693 1
208 18h30m01.128s -2d01m27.5322s ... ... ... ... ... ... 12.71 0.01 11.00 0.01 10.15 0.02 9.62 0.01 6.93 0.05 ... 2
209 18h29m58.9392s -2d01m25.6836s ... ... ... ... ... ... 14.40 0.02 11.90 0.00 10.78 0.01 9.99 0.02 6.51 0.05 ... 1
210 18h29m58.5048s -2d01m24.6536s ... ... ... ... ... ... 15.47 0.03 12.82 0.01 11.51 0.02 10.94 0.05 ... ... ... 1
211 18h30m04.044s -2d01m23.4264s ... ... 15.38 0.10 13.07 0.04 11.27 0.01 10.51 0.01 9.95 0.02 9.47 0.05 ... ... 2.79502 2
212 18h29m57.7704s -2d01m17.1444s ... ... ... ... ... ... 16.21 0.07 13.84 0.02 12.69 0.05 12.15 0.03 ... ... ... 1
213 18h29m58.1208s -2d01m15.9881s ... ... ... ... ... ... 15.03 0.02 13.50 0.02 12.76 0.04 12.35 0.08 ... ... ... 1
214 18h29m57.2448s -2d01m15.1374s ... ... ... ... ... ... 15.85 0.05 13.83 0.03 12.96 0.04 12.94 0.09 ... ... ... 1
215 18h30m05.5272s -2d01m08.139s ... ... ... ... ... ... 12.78 0.04 11.51 0.02 10.64 0.07 10.10 0.08 5.15 0.05 ... 1
216 18h29m59.4768s -2d01m06.5197s ... ... ... ... ... ... 13.14 0.01 11.56 0.01 10.59 0.01 9.98 0.01 5.21 0.02 ... 1
217 18h30m05.1624s -2d01m04.4274s ... ... 15.75 0.14 12.66 0.04 10.37 0.01 9.42 0.01 8.64 0.01 7.94 0.03 ... ... 4.05714 1
218 18h29m57.9216s -2d01m03.2826s ... ... ... ... 14.38 0.09 11.87 0.00 10.66 0.00 10.06 0.01 9.38 0.01 6.38 0.05 ... 2
219 18h30m00.2184s -2d00m52.5312s ... ... ... ... ... ... 14.06 0.02 12.54 0.01 11.68 0.03 10.62 0.05 5.90 0.02 ... 1
220 18h30m03.5448s -2d03m08.86s ... ... ... ... ... ... ... ... ... ... ... ... 10.09 0.06 3.74 0.05 ... 0
221 18h29m37.7904s -1d59m38.6228s 13.63 0.03 11.89 0.02 11.16 0.02 10.37 0.00 10.10 0.00 9.82 0.01 9.49 0.00 7.23 0.03 1.19684 2
222 18h29m37.1136s -1d58m34.7628s 16.51 0.18 14.38 0.06 13.30 0.04 12.32 0.01 11.79 0.01 11.47 0.01 10.92 0.03 8.32 0.07 1.56646 2
223 18h29m43.3416s -1d56m51.9151s ... ... 15.49 0.12 12.57 0.04 9.48 0.00 8.23 0.00 7.21 0.00 6.14 0.00 2.39 0.00 2.70024 1
224 18h30m05.3832s -2d00m26.6382s ... ... 15.63 0.13 12.33 0.03 9.61 0.00 8.83 0.00 8.19 0.00 7.77 0.00 5.02 0.02 5.13861 2
225 18h30m00.2712s -2d00m15.5419s ... ... ... ... ... ... 13.39 0.01 12.30 0.01 11.50 0.02 10.76 0.05 7.22 0.08 ... 1
226 18h29m59.2032s -2d00m12.9992s ... ... ... ... ... ... 14.09 0.02 13.21 0.02 12.45 0.04 11.74 0.06 ... ... ... 1
227 18h30m02.3616s -2d00m08.6022s ... ... ... ... ... ... 16.07 0.04 14.71 0.04 13.53 0.05 12.97 0.08 9.83 0.18 ... 2
228 18h29m58.7952s -2d00m04.2401s ... ... ... ... ... ... 12.61 0.01 11.52 0.01 10.85 0.01 10.35 0.03 7.48 0.11 ... 2
229 18h29m57.0792s -1d59m46.0277s ... ... ... ... ... ... 13.42 0.01 11.93 0.00 11.14 0.01 10.47 0.01 7.63 0.04 ... 2
230 18h29m46.8408s -1d59m30.9329s ... ... ... ... ... ... 14.93 0.02 14.28 0.03 13.36 0.06 12.66 0.15 ... ... ... 2
231 18h29m54.3744s -1d58m23.4469s ... ... ... ... ... ... 13.53 0.01 12.04 0.01 10.92 0.01 9.98 0.01 6.42 0.02 ... 1
232 18h29m59.016s -1d58m14.2021s ... ... ... ... ... ... 13.11 0.02 12.35 0.01 11.73 0.02 11.52 0.05 ... ... ... 2
233 18h29m58.2216s -1d58m05.2651s 14.42 0.04 11.73 0.03 10.20 0.03 8.69 0.00 8.14 0.00 7.63 0.00 7.03 0.00 4.62 0.01 2.03965 2
234 18h30m03.7944s -1d58m02.2055s ... ... ... ... ... ... 14.70 0.02 14.18 0.03 13.68 0.06 13.06 0.10 ... ... ... 2
235 18h29m53.7576s -1d57m46.8612s ... ... ... ... 13.83 0.05 11.14 0.00 10.20 0.00 9.52 0.01 8.74 0.01 5.61 0.01 ... 2
236 18h29m52.344s -1d57m45.819s ... ... ... ... ... ... 14.30 0.01 12.67 0.01 11.66 0.01 10.90 0.04 6.17 0.04 ... 1
237 18h29m58.4256s -1d57m41.2034s ... ... ... ... ... ... ... ... 14.28 0.03 ... ... ... ... 6.50 0.04 ... 0
238 18h29m58.3536s -1d57m40.0172s ... ... ... ... ... ... 16.89 0.10 14.14 0.02 12.99 0.05 12.34 0.10 ... ... ... 1
–
44
–
Table 4—Continued
IRAC RA Dec J unc. J H unc. H K unc. K 3.6 unc. 3.6 4.5 unc. 4.5 5.8 unc. 5.8 8.0 unc. 8.0 24 unc. 24 AK ClassColor
ID (J2000) (J2000) mag mag mag mag mag mag mag mag mag mag mag mag mag mag mag mag mag
239 18h29m52.1448s -1d57m36.9014s ... ... ... ... ... ... 14.67 0.02 12.14 0.01 10.79 0.01 9.87 0.02 6.03 0.03 ... 1
240 18h29m50.76s -1d57m33.5934s ... ... ... ... ... ... 15.12 0.02 13.83 0.01 13.03 0.03 13.01 0.05 ... ... ... 1
241 18h30m00.072s -1d57m15.7212s ... ... ... ... 14.09 0.07 12.00 0.00 10.91 0.00 9.92 0.01 8.97 0.01 5.00 0.01 ... 1
242 18h29m52.392s -1d56m22.537s ... ... ... ... ... ... 14.40 0.02 13.33 0.02 12.58 0.03 12.07 0.07 8.64 0.11 ... 2
243 18h29m47.3424s -1d56m03.8382s ... ... ... ... 14.98 0.14 10.90 0.00 9.56 0.00 8.57 0.00 7.75 0.00 4.20 0.02 ... 1
244 18h30m13.1856s -2d03m08.4668s 16.43 0.14 13.68 0.03 12.36 0.03 11.12 0.00 10.57 0.00 10.22 0.01 9.65 0.04 6.88 0.09 2.25789 2
245 18h30m06.2472s -2d03m04.198s ... ... ... ... ... ... 13.64 0.04 12.24 0.03 11.00 0.01 9.66 0.01 6.51 0.06 ... 1
246 18h30m06.2016s -2d02m19.6678s ... ... ... ... 13.68 0.04 12.02 0.01 11.45 0.01 10.87 0.07 10.22 0.06 5.84 0.17 ... 2
247 18h30m06.1392s -2d01m08.0634s ... ... ... ... ... ... 14.60 0.04 13.22 0.04 11.93 0.12 11.04 0.14 ... ... ... 1
248 18h30m23.7936s -2d01m06.4254s ... ... ... ... 14.90 0.14 13.68 0.01 13.35 0.01 13.14 0.06 12.52 0.20 ... ... ... 2
249 18h30m07.236s -1d59m19.7146s 14.57 0.04 12.37 0.03 11.14 0.03 9.90 0.00 9.48 0.00 9.07 0.00 8.62 0.00 6.02 0.02 1.52159 2
250 18h30m16.4112s -1d59m03.5056s ... ... ... ... 14.98 0.14 13.91 0.02 13.62 0.01 13.18 0.05 12.86 0.10 ... ... ... 2
251 18h30m06.9336s -1d56m31.7072s 15.39 0.06 13.37 0.03 12.54 0.03 11.63 0.00 11.28 0.00 10.88 0.01 10.27 0.01 7.63 0.03 1.49368 2
252 18h30m22.7184s -1d58m56.2591s 13.28 0.02 9.97 0.02 8.45 0.02 7.47 0.00 7.23 0.00 6.91 0.00 6.71 0.00 5.85 0.04 2.86 2
253 18h30m31.4016s -1d58m29.1616s ... ... ... ... 14.23 0.09 12.53 0.01 12.19 0.01 11.72 0.04 11.45 0.13 ... ... ... 2
254 18h30m32.1216s -1d57m48.2494s ... ... 16.33 0.25 14.57 0.10 13.59 0.01 13.39 0.01 12.99 0.05 12.69 0.12 ... ... ... 2
255 18h30m29.436s -1d57m04.226s ... ... ... ... ... ... 13.63 0.03 12.54 0.03 11.66 0.05 12.02 0.14 ... ... ... 1
256 18h30m29.2968s -1d56m42.5238s 14.80 0.05 11.80 0.03 9.84 0.02 7.94 0.00 6.95 0.00 6.08 0.00 5.03 0.00 1.73 0.00 2.12551 1
257 18h30m31.7448s -1d56m13.2778s ... ... 16.10 0.19 12.90 0.04 9.97 0.00 8.89 0.00 8.17 0.00 7.55 0.01 4.23 0.01 3.91891 2
258 18h30m42.1368s -1d58m32.785s ... ... ... ... ... ... 13.69 0.01 13.21 0.01 12.71 0.06 12.36 0.16 ... ... ... 2
259 18h30m39.864s -1d57m52.8908s ... ... ... ... 15.01 0.15 13.68 0.01 13.17 0.01 12.72 0.06 12.10 0.11 ... ... ... 2
260 18h30m46.8984s -1d56m51.4025s ... ... ... ... ... ... 13.09 0.02 12.00 0.01 11.14 0.03 10.42 0.06 ... ... ... 1
261 18h30m49.7208s -1d56m03.7572s ... ... ... ... ... ... 16.19 0.16 13.36 0.04 13.33 0.19 ... ... 4.95 0.02 ... 0
262 18h30m48.7368s -1d56m01.8388s ... ... ... ... 14.26 0.09 11.14 0.01 9.78 0.00 8.77 0.00 7.84 0.01 3.30 0.01 ... 1
263 18h29m21.2928s -1d55m53.3784s ... ... ... ... ... ... 14.18 0.01 13.59 0.01 13.04 0.04 12.53 0.08 ... ... ... 2
264 18h29m21.168s -1d55m29.6054s 15.27 0.06 13.41 0.03 12.43 0.03 11.23 0.00 10.69 0.00 10.09 0.01 9.35 0.00 7.04 0.02 1.21239 2
265 18h29m12.1056s -1d48m45.4882s ... ... ... ... ... ... 13.25 0.01 12.47 0.01 11.99 0.02 11.50 0.02 ... ... ... 2
266 18h29m43.5528s -1d55m39.9468s 15.53 0.07 13.89 0.04 12.95 0.03 11.90 0.00 11.48 0.00 11.18 0.01 10.70 0.01 7.72 0.05 0.905517 2
267 18h29m44.424s -1d54m35.5446s ... ... ... ... ... ... 14.25 0.01 13.34 0.01 12.65 0.03 11.88 0.03 7.94 0.04 ... 2
268 18h29m41.4192s -1d54m21.2062s ... ... 14.12 0.05 12.26 0.03 10.65 0.00 10.04 0.00 9.62 0.00 9.00 0.00 6.07 0.02 2.20369 2
269 18h29m36.5832s -1d54m05.6887s 12.92 0.03 11.26 0.03 10.44 0.03 9.42 0.00 8.99 0.00 8.64 0.00 7.96 0.00 5.29 0.01 1.06795 2
270 18h29m47.0184s -1d55m48.1249s ... ... 13.69 0.05 11.80 0.03 9.64 0.00 8.67 0.00 7.79 0.00 6.76 0.00 2.37 0.01 1.13347 1
271 18h29m48.336s -1d55m27.1729s ... ... ... ... ... ... 14.35 0.01 13.79 0.01 13.08 0.04 12.37 0.05 ... ... ... 2
272 18h29m51.9096s -1d54m17.6436s ... ... ... ... ... ... 14.95 0.02 13.97 0.02 13.26 0.04 12.76 0.08 ... ... ... 1
–
45
–
Table 4—Continued
IRAC RA Dec J unc. J H unc. H K unc. K 3.6 unc. 3.6 4.5 unc. 4.5 5.8 unc. 5.8 8.0 unc. 8.0 24 unc. 24 AK ClassColor
ID (J2000) (J2000) mag mag mag mag mag mag mag mag mag mag mag mag mag mag mag mag mag
273 18h29m37.656s -1d52m04.9807s ... ... ... ... 12.20 0.03 9.34 0.00 8.46 0.00 7.79 0.00 7.63 0.00 6.40 0.05 ... 2
274 18h29m41.6064s -1d51m29.2702s 16.27 0.12 13.47 0.04 11.95 0.03 10.69 0.00 10.20 0.00 9.73 0.00 8.48 0.00 4.50 0.03 2.21325 2
275 18h29m40.2552s -1d51m27.8741s ... ... ... ... 15.11 0.15 12.88 0.01 12.06 0.01 11.42 0.02 10.72 0.05 ... ... ... 2
276 18h29m38.9256s -1d51m06.5866s ... ... 15.32 0.14 12.87 0.07 9.83 0.02 8.59 0.01 7.25 0.00 5.20 0.00 ... ... 1.62827 1
277 18h29m38.7048s -1d51m00.2815s ... ... ... ... 12.98 0.08 9.97 0.03 8.80 0.01 8.00 0.01 7.14 0.03 ... ... ... 1
278 18h29m38.1168s -1d51m00.5148s ... ... ... ... ... ... 11.07 0.02 9.42 0.01 8.24 0.01 7.16 0.01 ... ... ... 1
279 18h29m36.6864s -1d50m59.1767s 13.70 0.03 11.80 0.03 10.71 0.03 8.47 0.00 7.61 0.00 6.84 0.00 5.63 0.00 2.31 0.02 1.19353 1
280 18h29m42.5544s -1d50m48.4616s ... ... ... ... ... ... 11.26 0.00 10.05 0.00 9.28 0.00 9.19 0.01 ... ... ... 1
281 18h29m35.832s -1d50m36.5158s ... ... ... ... ... ... 15.57 0.06 14.07 0.04 13.34 0.06 12.41 0.06 ... ... ... 1
282 18h29m41.9136s -1d50m11.6081s ... ... ... ... ... ... 13.43 0.01 11.42 0.00 10.49 0.01 9.68 0.01 ... ... ... 1
283 18h29m42.024s -1d49m57.0986s ... ... ... ... ... ... 16.95 0.08 14.14 0.02 12.64 0.02 11.46 0.03 ... ... ... 1
284 18h29m57.4128s -1d51m54.0511s 12.09 0.03 10.93 0.03 10.33 0.03 9.98 0.00 9.89 0.00 9.80 0.00 9.75 0.01 5.27 0.01 0.461837 3
285 18h30m17.8896s -1d54m08.2256s 16.44 0.14 13.79 0.04 12.55 0.04 11.37 0.01 10.79 0.00 10.25 0.01 9.45 0.01 6.99 0.03 2.15368 2
286 18h30m27.5784s -1d54m39.1788s ... ... ... ... ... ... 13.43 0.01 12.30 0.01 11.67 0.01 10.89 0.02 4.87 0.00 ... 2
287 18h30m24.5616s -1d54m10.5743s 16.82 0.21 13.20 0.04 11.07 0.03 8.89 0.00 7.84 0.00 6.92 0.00 6.08 0.00 2.72 0.00 1.45457 1
288 18h30m26.8464s -1d53m26.9714s ... ... 15.15 0.10 13.58 0.07 11.44 0.01 10.62 0.01 9.78 0.01 8.89 0.01 5.21 0.01 0.852 1
289 18h30m33.216s -1d52m56.2667s 10.54 0.02 10.26 0.03 10.05 0.02 9.94 0.00 9.89 0.00 9.82 0.01 9.82 0.02 4.98 0.02 ... 3
290 18h30m15.6888s -1d50m35.0498s 16.38 0.13 15.17 0.12 14.08 0.11 12.28 0.02 11.27 0.01 10.66 0.01 9.64 0.03 6.45 0.02 0.0852604 2
291 18h30m14.4024s -1d49m57.3604s ... ... 14.62 0.09 12.60 0.04 11.21 0.01 10.59 0.00 10.10 0.01 9.45 0.01 6.94 0.03 2.54491 2
292 18h30m21.8208s -1d52m01.0459s 16.38 0.13 14.09 0.04 12.71 0.04 11.44 0.01 10.59 0.00 10.07 0.01 8.79 0.00 2.75 0.00 1.54177 2
293 18h30m50.1936s -1d55m48.0994s ... ... ... ... ... ... 12.93 0.01 12.27 0.01 11.77 0.04 11.35 0.16 ... ... ... 2
294 18h30m49.5384s -1d55m32.065s ... ... ... ... ... ... 13.66 0.01 13.17 0.01 12.82 0.05 12.24 0.10 ... ... ... 2
295 18h30m50.2896s -1d53m51.2297s ... ... 13.26 0.03 9.08 0.02 6.59 0.00 6.00 0.00 5.38 0.00 5.25 0.00 3.93 0.00 7.24182 2
296 18h30m52.3128s -1d53m19.6699s ... ... ... ... ... ... 14.56 0.02 14.30 0.03 13.89 0.08 13.46 0.15 ... ... ... 2
297 18h30m39.252s -1d52m09.5642s ... ... ... ... ... ... 14.66 0.02 14.37 0.03 13.98 0.10 13.24 0.14 ... ... ... 2
298 18h30m51.1008s -1d49m55.6968s ... ... 14.34 0.07 13.55 0.06 13.22 0.01 13.09 0.02 12.92 0.04 12.74 0.12 9.10 0.15 1.06545 3
299 18h29m47.208s -1d48m30.2368s 13.67 0.03 11.96 0.03 11.31 0.03 10.90 0.00 10.80 0.00 10.66 0.01 10.68 0.02 6.97 0.03 1.16947 3
– 46 –
Fig. 1.— Spitzer IRAC and MIPS three-colour image of the Serpens South and W40 region,
blue: 4.5 µm, green: 8.0 µm, red: 24 µm. The dark dust filament running through Serpens
South is clearly visible, even at 24 µm. The inner box outlines the Chandra ACIS-I field of
view, while the outer dashed box outlines the Serpens South IR field.
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Fig. 2.— Selection of color-magnitude and color-color diagrams of the X-ray detected YSOs,
overlaid on all sources in Serpens South field. Left: Near-IR 2MASS [H] v [H - K]: The 1 Myr
(dashed) and ZAMS (dash-dot) Siess et al. (2000) isochrones are shown shifted to 260 pc
with no reddening. A reddening vector of 2 AK is shown. The latest track spectral types
plotted are also shown. Center: IRAC [3.6] v [3.6 - 8.0] diagram: All YSOs show similar
range in 3.6µm mag. A reddening vector of 5 AK is shown. Right: IRAC [3.6 - 4.5] v [5.8 -
8.0]: One Class III and one Class II source show a small excess at longer wavelengths, which
might indicate that they have thin outer disks. A reddening vector of 5 AK is shown.
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Fig. 3.— Upper Left: Histogram of the IRAC 3.6µm magnitudes for the IR-identified YSOs
in the Chandra field (green) and the X-ray identified YSOs (red). Upper Right: Histogram
of X-ray unabsorbed flux, FX , for all X-ray detections (blue) and those with IR counterparts
(red). Lower Left: Histogram of plasma temperature, kT , for all X-ray detections (blue) and
those with IR counterparts (red). Lower Right: Histogram of hydrogen column density, NH ,
for all X-ray detections (blue) and those with IR counterparts (red).
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Fig. 4.— Herschel hydrogen column density map showing the distribution of the identified
YSOs. The filled symbols indicate X-ray detected YSOs, the open symbols are detected in
the IR only. The outline of the Chandra ACIS-I FOV is shown in white, with two detections
from the ACIS-S chips also plotted. The larger white outline is the SS IR-field.
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Fig. 5.— Upper Left: Hydrogen column density, NH , against plasma temperature, kT .
Upper Right: Hydrogen column density, NH , against K-band extinction, AK . The dashed
line shows the standard gas-to-dust ratio of 1.6, the dashed-dot line shows the best linear
regression fit to the data with NH = 0.68 × 10
22AK . Center Left: X-ray flux, FX , against
plasma temperature, kT . Center Right: X-ray flux, FX , against hydrogen column density,
NH . Lower Left: X-ray flux, FX , against dereddened H-band magnitude. Lower Right:
X-ray flux, FX , against off-axis angle Θ.
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Fig. 6.— Histogram of X-ray luminosity (LX) for Serpens South in comparison with Serpens
Main (upper), NGC 1333 (centre), and W40 (lower plot). The Serpens South distance is
taken to be 260 pc. Serpens Main and W 40 are assumed to lie at a distance of ∼430pc
(Ortiz-Leon et al. 2017), with NGC 1333 at 240pc.
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Fig. 7.— X-ray luminiosity cumulative distributions for Serpens South (at 260 and 430pc),
NGC 1333, Serpens Main, and W 40. The Serpens South luminosity at 260 pc is consistent
with those of Serpens Main at 430 pc and NGC 1333 at 230 pc.
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Fig. 8.— Surface Density plot of the identified YSOs in the IR-field, showing four sub
regions. The brightest central region is the Serpens South core, with a concentration to the
SE and an extended ridge to the NW outlining the filamentary structure of the region. There
is a separate cluster to the W which may be associated with Serpens South.
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Fig. 9.— MST for the class 0/1 and class 2 YSOs surrounding Serpens South. The left
subplot shows the full minimum spanning tree. The right subplot shows the trimmed min-
imum spanning tree with the cutoff set to the characteristic branch length. Four clusters
are identified in the region: the Serpens South core, two dense subclusters to the north and
south following the filament, and an older subcluster to the south-west. Another possible
ring-like young subcluster to the north-east does not contain enough members to be selected
using the MST method.
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Fig. 10.— MST branch length for all YSOs, and the class I, flat spectrum, and class II
sources. Two linear fits were applied and the characteristic branck length was determined to
be 0.024 deg or 87”, corresponding to 0.11pc and 0.18pc, at cluster distances of 260pc and
430pc, respectively.
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Fig. 11.— Light curves of the 18 identifed variable X-ray sources. There are 8 flaring
sources, and no trend with class in either detection or flaring rate. The transition disk
source Chandra ID#58 shows periodic variability with a period of ∼0.46 days.
